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The work reported in this thesis is based upon(the development 
of suitable methods for the spectrophotometric determination of 
organic compounds."^  The thesis is divided into seven chapters. The 
first chapter deals with the general introduction. The idea has heen 
to develop methods for organic analysis based on the functional group 
determination and for the determination of individual compounds. The 
interest in organic analysis has recently been increased. Functional 
group determination has been recognized as an advantageous way has 
been based on characterizing structural behaviour of the organic 
compounds. Use of some specific and selective reactions has been made 
to develop the methods for the-determination of compounds individually. 
The emphasis has been on the suitability of the method for the 
general applicability, simplicity,^ accuracy and precision. 
Determination of amines is drawing attention because of their 
wide application in many reactions. {^ Neutralisation titrations has 
been used for the major component analysis, but they are not reliable 
for microanalysis. Spectrophotometry has proved to be a preferable 
technique at lower levels. The second chapter describes the 
determination of some amines by copper(ll) using this technique. In 
the first procedure sample containing a small amount of amine 
(^ -60 mg) was reacted with copper sulphate solution in presence of 
ammonium acetate. The absorbance of the colour developed was measured 
at the specified wavelength. In the second procedure which is 
applicable to the determination of 1, Js-driaminopropane in the presence 
( ii ) 
of some other amines. The use of sodium thiosulphate has been made 
for selectivity. In the third procedure use of isohutanol has heen 
made for extraction purposes and the determination of o-phenylene 
diamine has been done successfully. Extraction increases the 
sensitivity and selectivity. The reaction of amine with copper(II) 
was carried out in the presence of acetyl chloride. Effect of pH 
and temperature has heen studied. A study of interferences has been 
made to see the applicability of the method in the samples containing 
other compounds. Calibration curves prepared for different amines. 
Job's method was performed to find out the mole ratio of Cu(ll): amine 
in the coloured complex which has been found to be positively charged. 
Reproducibility of the method has been studied by replicate 
determinations in terms of standard deviation. 
Third chapter of the thesis describes the use of a new colour 
reaction of scxne nitrogen containing aromatic compounds with sodium 
periodate. The detection and spectrophotometric determination of 
brucine, p-anisidine, benzidine, diphenylamine, N-phenyl-1-naphthyl 
amine and indole has been studied. A small volume of the sample 
containing the nitrogen compound in microgram quantity was treated 
with sodium periodate in the presence of sulphuric acid/acetic acid. 
Sulphuric acid was used for the determination of diphenylamine, 
n-phenyl-1-naphthylamine, indole and brucine while acetic acid was 
used for p-anisidine and benzidine. 
A blue, violet, pink or green colour was obtained. After 
making the solution to a definite mark absorbance was measured at the 
specified wavelength. Calibration curves have been drawn for various 
( iii ) 
compounds, A study of precision has been made in terms of relative 
standard deviation, detailed study of interference has heen made. 
The method finds improvement over other methods suggested in the 
scale of sensitivity, selectivity and interferences. The mechanism 
of the reaction is discussed on the basis of certain facts. 
The fourth chapter deals with the spectrophotometric determina-
tion of some ketones containing 0(-methyl or methylene group in 
microgram quantities by l-chloro-2,4-dinitrobenzene. The solution 
containing ketone was treated with the reagent solution in presence of 
alcoholic sodium hydroxide. The absorbance of the colour developed 
was measured after a given treatment. Studies were made to develop 
the optimum conditions. Calibration curves were prepared for 
cyclopentanone. The accuracy and precision has been studied in 
terms of average error and standard deviation. Some unknown samples 
were also tried to check the applicability of the method. A study 
of interferences has also been made and the mechanism of the 
reaction is discussed. 
The fifth chapter deals with the spectrophotometric determina-
tion of phenyl hydrazine with ammonium molybdate. Phenyl hydrazine 
when reacts with ammonium molybdate forms three coloured compounds. 
One of them having pink colour is extractable in n-butanol. Extraction 
increases the selectivity to a great extent so much so that although 
some other compounds like N-substituted and phenyl substituted 
hydrazines give the different coloured products but none of them 
is extractable in n-butanol. The procedure is simple. A small volume 
of a sample containing 100 jog - 1.3 mg of phenyl hydrazine was taken 
( iv ) 
in a test tube followed by the addition of 1 ml of O.lM solution of 
ammonium molybdate. Violet colour appears that is allowed to develop 
for ho to 50 minutes. The coloured product was extracted with 10 ml 
of n-hutanol. The ahsorbance was measured at 510 nra. Effect of time, 
temperature and other variables has been studied. Hhe determination 
was made in the presence of number of compounds and it has been found 
that the error is within acceptable error range. Beer's law is 
applicable for 100 /ug - 1.3 lig of phenyl hydrazine present in the 
sample taken for analysis. The method has been precise and accurate 
as observed by replicate and unknown determinations. 
In chapter VI a method for spectrophotometric determination 
of picric acid is described. The reaction is based on the reduction 
with zinc in presence of ammonium chloride. The method is simple, 
selective, sensitive and rapid, it can be applied in the presence of 
a number of compounds. Picric acid reacts with zinc and ammonium 
chloride to produce a blue colour whose intensity was measured at 
560 nm. The blue colour has been found to be stable for a long time 
at room temperature. Use of acetic acid has been recommended to 
remove the turbidity which was caused at a higher pH ( ^ 5)« Beer's 
law is obeyed within the range of 10 pg - 1 mg. A slight deviation 
is noted in the calibration graph for amounts higher than 1 mg. The 
method was found to be precise and accurate. 
The seventh chapter (i.e. the last chapter) describes a 
spectrophotometric method for the selective determination of 1-naphthol 
in decimilligram amounts. The method is based on a new colour 
reaction of 1-naphthol with ammonium vanadate in liie presence of 
hydrochloric acid. The violet colour thus obtained is stable and 
can be extracted in toluene. The product was isolated and analysed 
for understanding the course of reaction. A study of the optimum 
conditions for the colour development has been made. Beer's law is 
applicable from 20 jig - 600jug of 1-naphthol present 1 ml of the sample 
solution taken for analysis. Studies to find out the reproducibility 
and effect of interfering compounds have been carried out. The 
method has been found to be precise. 
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C H A P T E R - I 
INTRODUCTION 
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C H A P T E R - I 
INTRODUCTION 
The purpose of researches In analytical chemistry is to devise 
new methods of chemical analysis or to improve the existing ones. 
The chemical analysis is indispensable in many branches of science. 
Establishment of the mechanisms of various reactions and the formulation 
of the fundamental laws of chemistry has largely been based on the 
results of chemical analysis. It finds constant application in 
technology, industry, medicine, agriculture, geology, criminology and 
other fields. The chemical analysis is ordinarily divided into 
qualitative analysis and quantitative analysis. The qualitative 
analysis deals with the detection of constituents or components present 
in a compound or sample while quantitative analysis determines the 
proportions in which the constituents or the amount of the constituents 
are present. The greater part of chemical analysis is quantitative. 
It has been recognised that the development of chemistry and the study 
of quantitative relationships essentially needs quantitative analysis. 
The constituents to be detected or determined may be from 
inorganic or organic substances and the analysis correspondingly known 
as inorganic or organic analysis. Inorganic analysis has been 
developed to establish, in many cases, important fundamental laws of 
theories of chemistry. Most of the reactions are straight forward 
and there is less probability of side reactions. "Hie nature of 
inorganic substances is governed by a number of selective and specific 
reactions and, therefore, specificity and selectivity has been studied 
in greater detail. 
d 
Organic analysis, on the other hand, deals with the organic 
reactions i^ich are usually slower involving more complex mechanisms 
and with greater probability of side reactions. Members of homologous 
series show similar behaviour or compounds containing same functional 
group are more alike chemically and, therefore, the mixtures are more 
complex. However, currently the situation is improving and today, a 
large number of analytical chemists are occupied in the development of 
organic analysis. 
Over the last three decades there has been an increased interest 
in the field of organic analysis which may be divided into three groups: 
(i) elemental analysis, (ii) functional group analysis, and (iii) 
analysis of compounds individually. 
In the past, elemental analysis was the main source for 
qualitative and quantitative analysis of organic compounds. But 
at present, this is a less useful technique as it gives only the 
percentage of each atom present in the compound. When an organic 
chemist is certain about the synthetic compound then this analysis 
is frequently used to confirm the identity of the product, mainly, 
by carbon hydrogen analysis. The recent work on elemental analysis 
of organic compounds mainly in microgram quantities have been reviewed 
by Ma and Gutterson (l). 
To verify the identity of an organic compound quantitatively 
by determining the functional groups has been recognized as more 
advantageous as it is based on the molecules of the particular type 
of the compound. Preference is given for the determination of an 
organic compound by functional group rather than to elemental analysis 
because the functional group gives more cnaracteristic information^ 
than the elements. Functional group analysis also eliminates the 
uncertainty which exists in elemental analysis when the practical 
results do not coincide the theoretical values. At present, the 
field of functional group analysis is heing developed at a rapid rate. 
The important work on functional group analysis has been 
reviewed by Cheronis and Ma (2), S.Siggia (3) and F.T.Weiss (4). 
The direct determination of a component in a mixture would 
be the most satisfactory procedure. This requires not only the 
functional group analysis but also of additional specific reactions 
for the particular component. In certain cases where specific 
reactions are not available the approach has been made to make the 
determinations selective. 
The present work has been taken in the first place to develop 
the methods for the determinations based on functional group analysis 
and then to develop and study the specific and selective reactions to 
be used for the determination of components individually. The emphasis 
has been on the methods based upon general applicability, simplicity, 
accuracy and precision including sensitivity and selectivity. 
Quantitative analysis of organic compounds in trace and lower 
amounts is of paramount importance because this gives the determination 
of a component in a sample vastly diluted with other materials. The 
principal techniques used for this purpose are: spectroscopic, 
chromatographic, electrochemical and radiotracer techniques. The 
spectroscopic techniques Include nuclear magnetic rasonance, mass 
spectrometry, ultraviolet, infrared and visible spectrophotometry. 
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The chromatographic methods include paper, thin layer, column, 
electrochromatography and gas chromatography, Hie electrical methods 
mainly used for this purpose are polarography, voltametry and 
amperometiy. And the radiotracer techniques include mainly the 
isotopic dilution and the activation analysis. Every technique has 
got its own merits and demerits. The comparison for the purpose of 
quantative analysis is hased mainly on sensitivity and selectivity. 
The sensitivity of a method gives the minimum amount of a substance 
required for its meaningful determination, while the selectivity gives 
a critical view for the determination of a particular substance in 
presence of the others. 
Chromatographic techniques have many applications in trace 
analysis. There are a number of analyses that could not have been 
accomplished in any other way except the use of chromatographic 
techniques. Out of the various chromatographic techniques gas 
chromatography has been proved to be the most useful. However, these 
techniques do not serve directly for the detection or determination 
of substances but their main service is the resolution of complex 
mixtures. The resolved substances may then be detected or determined 
by other suitable techniques. 
Polarographic, voltametrlc and amperometrlc methods are 
valuable in organic analysis, whenever, they are applicable. The use 
of such techniques is still not generalized for organic analysis 
because of a number of limitations. 
The radiotracer techniques are the useful techniques when a 
limited number of components or an individual component is to be 
determined at extremely low concentrations. 
Hie use of spectroscopic methods, however, has been made 
on the largest scale In organic analysis. Out of these the use of 
spectrophotometry applied in visible region is preferred because of 
its simplicity and is a very suitable technique when a colour is 
observed by a particular reaction. In the last few decades the 
developments in this technique have been very extensive. 
Although colourimetric methods are among the earliest instrumen-
tal techniques; but even today they are considered to be one of the 
top ranking methods because of their overall utility. These methods 
are based fundamentally on the light absorptive capacity of the 
coloured materials in the solution form. The development of colour 
is achieved by certain chemical reactions. 
The term colourimetry has been used in distinct senses in 
physios and in chemistry. To a physicist it means to determine the 
colour as a colour match for the sample in terms of equivalent 
stimuli. To a chemist it means to detect and determine the colour 
forming substance. However, the term visible absorptimetry is 
preferred. Two other words photometry and spectrophotometry are in 
much usage at present by the chemists in place ol colourimetry. 
Colourimetry was recognised only about 1850. From 1850 to 
1900 there appeared some well known methods mainly for inorganic 
analysis but the progress was slow. Interest has been developed in 
twentieth centuary and during the last few decades extensive work 
haiS been done on colourimetric determination of substances of inorganic 
and organic origin. In the Held ol organic analysis some books and 
reviews have been appeared during recent years. The treatise by 
6 
Snell and Snell (5) has been classic book in this field and the book 
entitled "Determination of organic compounds" by F.T.Weiss (k) reviews 
the recent work on the basis of functional group analysis. 
It will be worthwhile to mention a little about the principles 
on which the spectrophotometric determination of organic compounds is 
based, When a beam of light falls on an absorbing material, the 
radiation is absorbed by the absorbing material in the form of discrete 
packets of energy called photons. The absorption of photons may cause 
the change in rotational, vibrational and electrical energy. In the 
visible region (the region between 380 and 780 nm of the electro-
magnetic spectrura^ the absorption of electrical energy, mainly, takes 
place to displace an outer electron in the molecule. The absorption 
spectrum, showing the absorption at different wavelengths based on 
the nature of the absorbing material, is a function of the structure 
of the absorbing substance in terms of specific bonds, the position of 
bonds,etc. Since no unique spectrum will be found in the visible 
region and, therefore, this is a poor region for the identification 
of substances. However, the selection of an optimum wavelength can 
be made from the absorption spectrum such that the material of interest 
absorbs light at this wavelength to a maximum (or to a greater extent). 
At such wavelength the absorbance will be affected to a less extent 
p 
by the interferences provided that the interferring substances adsorb 
at different wavelengths. The absorption in the visible region has a 
large magnitude (giving higher molar absorptivities) and, therefore, 
dilute solutions are adequate in this region and may be applied for 
quantitative work at trace analysis level. 
7 
For coloUrimetric determinations certain requirements must 
be fulfilled. The important ones are: application of Beer's law, 
stability of the colour, sensitivity and selectivity of the method. 
Beer's law (or Beer and Lambert's law) relates the absorbance with 
concentration by the relation either A = abc or A =€bcvnwhere A is the 
absorbance, a is absorptivity, b is the breadth of the cell in which 
solution is placed, C is the concentration in grams per litre and 
c^represents the molar concentration. In a general way, a straight 
line is obtained on plotting absorbance against the concentration. 
The deviation from the straight line is also observed beyond the range 
of applicability of Beer's law. In certain cases such calibration 
curves have also been used for determinations. 
The calculation of the sensitivity in the absorption 
spectrophotometric methods for a compound can be made from a comparison 
of the measured absorbance with the absorptivity. The sensitivity is 
represented as the least amount of the component required for analysis. 
The selectivity gives the determination of one component in 
presence of other component. The selectivity of spectrophotometric 
methods can be improved by separation techniques to remove the 
Impurities. Precision and accuracy should also be considered for all 
analysis work to consider the suitability of the method. 
The organic compounds may be classified into the following 
broad groups based on the presence of different functional groups: 
acids, carbonyl compounds, esters, alcohols, phenols, ethers, amines, 
amides, nitro compounds, hydrazines, sulphur compounds etc. The 
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emphasis has been given in the present work on amines, carbonyl 
compounds and hydrazines. 
Amines form the largest group of nitrogen containing organic 
compounds. Importance of amines is drawing attention because of their 
wide application as corrosion inhibitors, absorbents for acid gases, 
emulsifier for polishes and paints and intermediates for many reactions. 
Amines are derivatives of ammonia in which one or more of the hydrogen 
is replaced by alkyl or aryl group. They are also electron donors like 
ammonia and show an alkaline reaction in amphiprotic or acidic solvents. 
The general methods used for the determination of amines are: 
titration (neutralization reactions), acetylation, diazotization and 
nitrosation. Aliphatic amines are sufficiently basic in nature and 
can be titrated by a strong acid e.g., hydrochloric acid and perchloric 
acid, but the aromatic amines cannot be titrated satisfactorily in 
aqueous solutions. Even at present the neutralization reactions provide 
quite dependable method of analysis for amines. The determination by 
nitrosation is based on the reaction of nitrous acid with primary 
aliphatic amines and measuring the liberated nitrogen gasometrically 
(6,7). For aromatic amines the determination is based on the formation 
of a stable diazonium salt as an intermediate and has been used for a 
number of aromatic (primary) amines (8), The determination by Schiffs 
base approach is based on the formation of an azomethine by the 
reaction of an amine with a carboxyl compound (9). Measuring the amount 
of either water or schiff's base the determination of amines can be 
performed. 
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Direct titration with an acid is not very successful for a 
secondary amine. Reaction with carbon disulphide forming dithiocarmic 
acid (lO) may he used for the estimation of secondary amine. The 
reaction gives the estimation of hoth primary and secondary amine value 
and secondary amine can be determined if the primary amine is removed 
prior to the addition of carbon disulphide. The use of 2-ethylhexaldehyde 
has been recommended for this purpose. Other methods have also been 
reported (11,12,13), however, none of them is specific for secondary 
amines. 
The titration procedure in non-aqueous media has been used 
for the determination of tertiary amines (11,14). 
The titrimetric methods, however, are oriented toward major 
component analysis and the results at low levels are not always 
reliable, use of some faster methods like potentiometric, polarographic 
and spectrophotometric is preferable for low concentration measurements. 
Potentiometric titrations have been found useful for the differential 
quantitative analysis of amines of different basis strength (15). 
These methods have also been used for the determination of aliphatic 
and aromatic amines. Polarography has not been widely used and also 
it does not permit the precise determination of amine mixtures. 
Colo^ urimetric (spectrophotometric) methods have been proved 
to be the most useful for the determination of amines (16). Primary 
amines in milligram amounts can be determined using p-dimethylamino 
benzaldehyde (17). Diazotization and coupling (with phenolic or amino 
compounds) have been used for the determination of primary aromatic 
amines in micro-gram range (18) at 545 nm. A useful method for primary 
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aliphatic amines has been reported using Janovsky reaction hy 
3, 5-dlnitrol)enzoyl chloride (19). Monoamines can he determined in 
presence of diamines by this method. Aromatic and aliphatic primary 
amines have been determined in millimoles range by salicylaldehyde 
and copper(ll). Secondary and tertiary amines do not interfere (20). 
A method using carbon-disulphide and copper(ll) has been reported to 
determine secondary amines at 440-450 nm in the presence of primary 
amines (21). For tertiary amines a method has been reported using 
(i) cis~aconitic anhydride and (ii) chloranil by measuring the 
absorbance at 500 nm (22). Amine salts and quarternary amine compounds 
interfere. Pinacolonyl pyridinium bromide has been recommended for 
the determination of basic amines (23), the methods lack the sensitivity, 
Aliphatic amines in millimoles range have been titrated spectrophoto-
metrically by cinnamic anhydride (24). Photometric determination of 
some aromatic amines can be performed using NaClOg. Aliphatic amines 
interfere and excess of reagent spoils the colour (25). A few methods 
have been reported for the spectrophotometrlc determination of amines 
to be applied in a general way (16,26,27,28). Determination of diphenyl 
amine individually has received somewhat more attention (29,30,31,32). 
Determination of benzidine (32,33,34) and anisidine (35) have also been 
reported. However, there is further need of the spectrophotometrlc 
methods to be developed suitable for the determination of amines to be 
applied in a general way, 
Carbonyl compounds also form an important class of organic 
compounds. They include aldehydes and ketones and are characterized 
by presence of carbonyl group "^0=0. Most of the early methods reported 
were directed towards the determination of specific compounds. Later 
I j . 
investigations paid attention towards the wider utility to determine 
the aldehydes and ketones in a general way as well as in a differential 
manner. The literature on the determination of carhonyl compounds 
is very extensive. Some important method may be mentioned. The 
reviews hy Mitchell (36) and hy Hanna and Siggia (37) cover the basic 
principles of the methods used for the analysis of aldehydes and 
ketones. The use of hydroxyl^amine hydrochloride forms the basis of 
V 
most determinations of carbonyl compounds. 
The review by Bryant and Smith (38) includes the studies on 
the early procedures based on the reactions of hydroxyl^amine 
hydrochloride with carbonyl function. They found these methods of 
limited usefulness, mainly, because the reaction does not go to 
completely quantitative conversion of carbonyl group to hydroxamic 
(R - C = NOH) group. Some successful modifications have been 
developed to the hydroxylamine method (39,^0). The reaction of 
bisulphite has been used for the titrimetric determination of 
carbonyl group (41,42,43,44,45,46), 
Spectrophotometric methods are useful for determining small 
concentrations of aldehydes and ketones. Reaction of 2,4-dinitrophenyl-
hydrazine in presence of alcholic KOH has been used for the sensitive 
determination of aldehydes or ketones spectrophotometrically (47). 
Certain olher methods for ketones have been reported (48,49,50). 
However, satisfactory methods for the determination of ketones in 
presence of aldehydes have not extensively been studied. 
The functional group analysis although applied in general 
will not be satisfactory, for the specific or selective determination 
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of a particular compound. Therefore, a completely new procedure is 
required in such, cases or cliaases should he made in knovn procedures 
to make them applicable to the samples to he analyzed. For the 
development of a new procedure following factors should he considered: 
the measurement of magnitude of a property hased on the amount of 
the component of the sample, the completeness of the reaction (i.e. 
the effect of time) and the effect of impurities. 
Time is an important factor for a quantitative measurement. 
The shorter the time the hetter is for the determination. The time 
required for a reaction to its completion or equilibrium can he 
shortened mainly by (i) increasing the concentration of the reagent, 
(ii) using more suitable reagent, (iii) setting of optimum temperature, 
(iv) making use of catalysts, and (v) changing the pH of the solution. 
The problem of interference should also be considered in 
organic quantitative analysis using spectrophotometry, in a similar 
way as with other types of analysis. Making use of solvent extraction 
or (and) changing the interfering material chemically into a species 
that is harmless to the analysis are the methods that have been used 
for the removal of interference due to impurities. 
Only a few studies have been reported on the specific or 
selective determination of phenylhydrazine (51,52); picric acid (53,54) 
and 1-naphthol (55,56,57) using spectrophotometry. Therefore, the 
development of methods for spectrophotometric determination of these 
compounds will be meaningful. 
.^ 
The present work summarizes the methods developed for the 
spectrophotometric determination of amines, certain ketones, 
phy4iylhydrazine, picric acid and 1-naphthol. The suitability of the 
methods is checked in terms of sensitivity, selectivity, accuracy and 
precision. The range for the applicability of Beer's law is determined 
and the study of interferences is made. The mechanism of the 
reactions, wherever possible, is also discussed. 
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C H A P T E R - I I 
SPECTROPHOTOMETRIC DETERMINATION OF 
SCME AMINES BY C O P P E R ( I I ) 
IV 
C H A P T E R - II 
SPECTROPHOTOMETRIC DETERMINATION OF SOME AMINES BT C0PP£R(II) 
Amines are derivatives of ammonia in vAich one or more of 
the hydrogens are replaced hy either alkyl or aryl group. Therefore 
amines show alkaline character in amphiprotic or acidic solvents 
and on this basis they can be titrated with strong acids. Most of 
the methods reported in the literature for the determination of 
amines are based on titration with hydrochloric acid and perchloric 
acid. 
Titrimetric methods can be used for major component analysis 
only, but the spectrophotometric methods are preferable at low 
concentrations. For a substance which does not absorb in the visible 
region two important techniques are used: (i) formation of an absorbing 
compound by its reaction with some reagent and (ii) a photometric 
titration. Some colourimetric methods are available in the literature 
for the determination of amino compounds (l,2,3t4)* A sensitive 
method for the spectrophotometric determination of amines by acetyl 
chloride and ferric salts has been described recently (5)* Copper 
sulphate has been used for the determination of ethylene diamine (6). 
The stability constants of copper methyl amine and ammonia complexes 
have been determined in perchloric acid media (?)• Various methods 
based on copper have been reported in the recent literature for the 
purpose of complex fozmation, their isolation, crystallisation emd 
structural determination (8,9,10,11). More recently amines have been 
determined spectrophotometrically in microgram amounts using 
i,4-benzoquinone (12) and chloranil (13). 
18 
E X P E R I M E N T A L 
Apparatus; Bausch and Lonib spectronlC'20 (U.S.A.) was used for the 
spectrophotometric work. Blico pH meter model LI-lO (India) was 
employed for pH measurements. 
Reagents; All the reagents used were of analytical grade. 
Solution of amino compounds; Solutions of the following organic 
amino compounds were prepared in conductivity water. Methyl amine, 
ethyl amine, ethanol^amine, dimethyl amine, trimethyl amine, isopropyl 
amine, aniline, pyridine and 1,3-diaminopropane. 
u 
p-tojrflidine, piperidine, isoquinoline, morpholine and 
o-phenylenediamine were dissolved in ethyl alcohol. 
Solution of copper sulphate; Copper sulphate solution was prepared 
in conductivity water by dissolving the required amount of the salt 
of Analar quality. 
Buffer solutions; Buffer solutions of pH 1 to 7 were prepared by the 
reported procedure (14). 
Recommended Procedures; 
Procedure I; Determination of amines in general 
A small eunount of amine (4-60 mg) was mixed with 1 ml of 0.5M 
copper sulphate solution. The solution was shaken well and total 
volume made upto 10 ml by the addition of iOf( ammonium acetate 
solution and the absorbance of the coloured complex was measured at 
the specified wavelength (Fig.lA,B & C). 
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Procedure lit Detennlnatlon of 1.3-dlamlnopropane in the presence 
of aniline, p-toluldlne, pyrrole, diphenyl amine,-Isoquinoline, 
pyridine and B-naphthyl aalne 
1 ml of the sample solution containing 1-8 ng of 1,3«-diamlno-
propane along with a synthetic mixture of the above mentioned aromatic 
and hetrocycllc amines was taken in an erlenmeyer flask and heated on 
a waterhath for few minutes to remove the solvent (particularly when 
the sample is dissolved in ethanol). 1 ml of O.IM copper sulphate 
solution was then added. The reaction mixture was shaken and transferred 
to 10 ml standard flask followed hy washing with ammonium acetate 
buffer solution. One ml of saturated sodium thlosulphate was also 
added. Ammonium acetate solution was again added to make up the mark 
and kept for 10 minutes. The contents were centrifuged to remove the 
precipitate if any. The clear solution was decanted and the absorbance 
was measured at 590 nm. 
Procedure III: Determination of o-phenylene diamine by extraction 
in Iso-butanol 
To 0.5 ml of the solution containing 50-250 pg of this amine, 
1 ml of O.OIM copper sulphate solution and 0.1 ml acetylohlorlde were 
o 
added. Reaction mixture was heated on a waterbath at 80 C for half 
an hour. Reddish brown coloured complex thus formed was transferred 
to a seperatory fuziiel and shaken with 20 ml iso-butanol for 2-3 minutes. 
The absorbance of the butanol layer was measured at 460 nm. 
2^ 
R E S U L T S 
Studies of the optimum conditionSfor the development of colour; In 
order to set the optimum conditions for the determination of amines, 
the effect of possible variables was studied. The results are 
suoraarised as follows: 
For procedure I 
(i) Effect of temperature; 1 ml of 0.5M copper sulphate solution was 
added to 0.5 ml ethyl^amine solution and the total volume was made 
upto 10 ml by adding 10% ammonium acetate solution. The reaction 
mixture was heated on a waterbath at different controlled temperatures 
for 10 minutes and the absorbances were 0.^5, 0.40, 0.39, 0.37 at 
O O O 0 O 
25 , 50 , 60 , 70 and 90 respectively. Decrease in absorbance was 
noticed with Increasing temperature. For the reason that the absorbance 
o o 
was maximum at 25 and also for the sake of convenience 25 C (room 
temperature) was taken for all the studies. 
(ii) Effect of pH: To study the effect of pH on the formation of 
Cu(ll) - amine complex, buffer solutions of pH 1-10 were added to the 
reaction mixture, having a constant amount of ethyl amine and copper(Il)* 
Deep blue colour was not obtained below pH 6 when buffer solution of 
pH greater than 7 was used precipitation resulted. Therefore ammonium 
acetate buffer solution of pH 6.5 was used for these studies. 
(ill) Effect of anions: To study the effect of anions, four different 
salts of copper were taken e.g., copper nitrate, copper acetate, 
copper sulphate and copper chloride for the formation of complex with 
ethyl amine. It was observed that the presence of anions caused no 
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change on the ahsorbance I.e. the effect of Cl", NOZ, S0^~ and CH-COO" 
ion was negligible in this procedure of determination of amines. 
(iv) Study of interferences: The organic compounds with various 
functional groups were added with amines and the absorhance was 
compared with the complex formed by pure amines. Benzcunide, acetamide, 
chlorobenzene, nitrobenzene, phenol, methyl cyanide, acetone, benzo-
phenone did not affect the absorhance (Table i). The presence of 
pyrogallol and catechol increased the absorhance quite considerably 
while a decrease in absorhance was found for acetic acid, acetaldehyde/ 
benzaldehyde and salicylaldehyde. The interference of aldehydes is 
probably due to its reaction with amines. 
TABLE I 
INTERFERENCE STUDY IN THE DETERMINATION 
OF 1,3-DIAMINO PROPANE BY Cu(Il) 
SI .No. Amine taken Compounds added Amount add- Amount of % error 
mg ed mg amine found 
mg 
i 
2 
3 
k 
5 
6 
7 
5.7 
5.7 
5.7 
5.7 
5.7 
5.7 
5.7 
Acetamide 
Nitrobenzene 
Methi^ cycmide 
Phenol 
Chlorobenzene 
Acetone 
Benzophenone 
100 
120 
78.5 
iOO 
110 
79.2 
100 
5.5 
5.7 
5.5 
5.5 
5.8 
5.5 
5.7 
- 3.5 
0 
- 3.5 
- 3.5 
+ 1.7 
- 3.5 
0 
2o 
For Procedure lit 
(I) Effect of sodium thiosulphate: Wien sodium thlosulphate was 
added In procedure I, It was found that for certain amines the colour 
of the complex was discharged. The colour Intensity remained 
unaffected for 1,3~dlamlnopropane« 
(II) Effect of Interferences; The determination of ly3-dlaminopropane 
in the presence of aniline, p-toluidine, pyrrole, dlphenyl amine, 
isoquinoline, pyridine and B>naphthyl amine was successfully done. 
The results are summarized in tahle II. 
TABI£ II 
DETERMIMTION OF 1,3.DIAMIN0PR0PANE IN THE PRESENCE 
OF SEVEN OTHER AMINES 
Sl.No. 1,3-diamlnopropane Impurities added 1,3-diamino- % error 
in mg in mg as syn- propane found mg 
thetlc mixture 
of seven amines 
172 
172 
172 
172 
For procedure III; 
(i) Effect ot temperature; The reaction was performed at various 
• o 
temperatures (30 -90 ) following the reconmended procedure and the 
1 
2 
3 
4 
N i l 
1.424 
7.120 
9.968 
N i l 
1.424 
6.830 
10.250 
0 
0 
- 4 . 1 
+2.8 
2S 
absorbance in each oase was measured. The results are suBmarlzed 
in table III. The absorhance increased with increasing temperature 
o o o 
and remained constant from 70 to 80 C. At 90 C a slight decrease 
o 
was noted. Therefore 80C was taken as optimum temperature for 
different studies following procedure III. 
TABLE III 
DETERMINATION OF OPTIMUM TEMPERATURE FOR THE FORMATION 
OP 0-PHENYLBNEDIAMINE - C u ( l l ) COMPLEX 
Absorbance 
0.35 
0.40 
0.44 
0.47 
0.47 
0.45 
(ii) Effect of pH; The reaction of copper sulphate with o>phenylene-
diamine and acetyl chloride was independent of pH variation within a 
range of 1 to 7. However, at pH hi^er than 7, yellow colour changed 
to green. 
(iii) Effect of acetyl chloride: The amount of acetyl chloride was 
varied from 0.05 to 0.2 ml. No change in colour intensity was found 
in this region. Replacement of acetyl chloride by benzoyl chloride, 
t 
SI.No. 
i 
2 
3 
4 
5 
6 
0 
Temperature C 
30 
45 
60 
70 
80 
90 
2\ 
acetic acid, acetic anhydride and formic acid did not yield the 
yellow colour. 
Study of interferences; A qualitative study of the interference hy 
other compounds present in 100 fold excess of the amount of amine to 
he determined, was done. Phenol, acetic acid, acetone, m-dinitrohenzene 
and henzamide. Aldehydes (aliphatic and aromatic) and polyhydric 
phenols interferred. 
Calibration curves; Calihration curves were prepared hy taking 4-60 mg 
of methyl amine, ethyl amine, isopropylamlne, ethane 1 amine, dimethyl 
amine, trlmethyl amine, aniline, p~toluldiue, piperidine, isoquinollne, 
pyridine and morphollne; 1-10 mg of 1,3'-diaminopropane and 50-250 |Ug 
of o-phenylenedlamine following the recommended procedures. The 
results are summarised in tahle IV. Calihration curve for aniline 
is given in Pig,2. 
TABIE IV 
THE ABSORBANCE FOB THE CALIBRATION CURVES FOR VARIOUS AMINES 
Methylamine (a) Ethylcunine (a) 
Sl.No* Amount in mgs. Ahsorhance Amount in mgs* Ahsorhance 
at 590 nm at 590 nm 
1 
2 
3 
k 
5 
6.19 
12.38 
i3.58 
24.77 
50»96 
0.14 
0.21 
0.31 
0.39 
0»50 
4.41 
8.82 
13.23 
17.64 
22,03 
0.05 
0.12 
0.23 
0.35 
0A5 
(TABIfi IV CONTINUED) 
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Ethanol amine (a) Dimethyl amine (a) 
Si.No. Amount in mgs* Absorbance Amount in mgs. Absorfoance 
at 590 nn at 590 nm 
1 
2 
3 
4 
5 
6.18 
12.36 
19.54 
24.72 
30.90 
0.10 
0.19 
0.27 
0.35 
0.45 
4.51 
9.02 
13.54 
18.05 
22.56 
0.09 
0.15 
0.27 
0.33 
0.47 
Trimethylamine (a) Isopropyl amine (a) 
SI.No. Amount in mgs Absorbance 
at 590 nm. 
Amount in mgs. Absorbance 
at 590 nm. 
1 
2 
3 
4 
5 
5.91 
11.81 
17.72 
23.62 
29.52 
0.07 
0.19 
0.33 
0.49 
0.62 
11.85 
23.70 
35.56 
47.41 
59.26 
0.09 
0.23 
0.31 
0.42 
0.56 
(TABIB IV CONTINUED) 
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Aniline (a) p-sfoluidine (a) 
Si .No* Amount in mgs. Absorbance Amount in mgs. Absorbance 
at 423 nm. 423 nm. 
1 
2 
3 
4 
5 
4.64 
9.28 
13.92 
18.56 
23.20 
0.13 
0.25 
0.38 
0.46 
0.62 
2.00 
4.00 
6.00 
8.00 
10.00 
0.09 
0.19 
0.28 
0.34 
0.43 
Piperidine (a) Isoquinoline (c) 
Si.No. Amount in mgs. Absorbance Amount in mgs. Absorbance 
at 590 nm. at 620 nm. 
1 
2 
3 
4 
5 
8.4 * 
16.8 
25.2 
33.6 
42.OJ 
0.09 
0.17 
0.25 
0.33 
0.42 
6.10 
12.20 
18.30 
24.40 
30.50 
0.06 
0.15 
0.19 
0.23 
0.30 
o u 
(TABIB IV C(»ITINUED) 
Si.No. 
1 
2 
3 
k 
5 
Pyridine (a) 
1 
» Amotmt in 
7.82 
15.64 
25.45 
31.28 
39.01 
1 
mgs. 
1 
Absorbance 
at 650 nm. 
0.15 
0.27 
0.37 
0.45 
0.62 
Morpholine 
1 
Amount in 
8 .0 
16.0 
24.0 
32.0 
40 .0 
1 
mgs. 
(a) 
Absorbance 
at 590 nm. 
0.06 
0.10 
0.16 
0.24 
0.31 
1,3-diaminopropane (b) o-phenylenediamine (c) 
Si.No. Amount in mg Absorbance Amount in pg 
at 590 nm 
Absorbance 
at 460 nm 
1 
2 
3 
4 
5 
1.42 
2.85 
4.27 
5.70 
7.12 
0.11 
0.22 
0.36 
0.47 
0.58 
50 
100 
150 
200 
250 
0.13 
0.28 
0.37 
0.50 
0.63 
(a) Procedure I 
(b) Procedure II 
(c) Procedure III 
0 5 10 15 20 25 
Amount of aniline (mgs) 
Fig. 2 Calibration curve of aniline at 425nm 
I 
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Determinat ion of mole r a t i o s 
For procedure I ; To determine the mole r a t i o of d imethyl amine and 
C u ( l l ) in the complex, J o b ' s method of cont inuous v a r i a t i o n was 
performed. IM s o l u t i o n s each of c o p p e r ( l l ) and amine were taken and 
t o t a l volume was made t o 10 ml . The ahsorhance was no ted a t 590 nm. 
The r e s u l t s are given i n t a h l e V and p l o t t e d in F i g . 3 . J o b ' s method 
was a l s o performed t o find out the mole r a t i o of c o p p e r ( l l ) -
1,3 diaminopropane complex. From the p l o t r a t i o of copper t o 
d imethyl amine was found to be 1:4 ( F i g . 3 , t a b l e V) and t h a t of 
copper t o 1,3-diaminopropane was 1:2 ( F i g . 4 , t a b l e V I ) . 
TABLE V 
JOB'S METHOD FOR DIMETHYL AMINE - C u ( l l ) COMPLEX 
Amine (IM) ml C u ( l l ) (IM) ml Absorbance a f t e r 
making the s o l u t i o n 
t o 10 ml 
0.9 0 . 1 0.34 
0 .8 0 .2 0.46 
0 .7 0 .3 0.44 
0.6 0 .4 0.35 
0 .5 0 .5 0.26 
0 .4 0.6 0.21 
0 . 3 0 .7 0.18 
0 .2 0 .8 0.14 
0 .1 0 .9 0,08 
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TABLE VI 
JOB'S METHOD FOR 1,3-DIAMINO PROPANE - COPPER(ll) COMPLEX 
Amine (IM) ml Cu''"*' (IM) ml Absorbance after making 
the solution to 10 ml 
0,9 0,1 0.58 
0.8 0.2 1.50 
0.7 0.3 1.80 
0.6 0.4 1.50 
0.5 0.5 1.00 
0.4 0.6 0.70 
0.3 0.7 0.47 
0.2 0.8 0.28 
0.1 0.9 0.14 
For procedure III: Job's method of continuous variation was performed 
to determine the ratio of o-phenylenediamine complex of copper(ll). 
0.0005M of Cu and amine of similar concentration was taken with 0.1 ml 
of acetyl chloride. The. total volume was made to 10 ml. From the peak 
the ratio of copper to amine was 1:1 (Pig.5 and table VII). 
TABIE VII 
JOB'S METHOD FOR 0-PHENYLENEDIAMINE - COPPER(II) COMPLEX 
Amine (0.0005M) ml Cu'*"'' (0.0005M) ml Absorbance after making 
the solution to 10 ml 
0.9 0.1 0.15 
0.8 0.2 0.26 
0.7 0.3 O.ii^ i 
0.6 0.4 0.52 
0.5 0.5 0.60 
0.4 0.6 0.52 
0.3 0.7 0.39 
0.2 0.8 0.29 
0.1 0.9 0.16 
Beprodttcibility; In order to determine the precision of the method. 
8 replicate determinations of 1,3-diaminopropane and three unknoim 
determinations of o-phenylene diamine were carried out, following 
procedures I and III respectively. Bie results are given in 
tables VIII and IX. 
0.2 0.4 0.6 O.d 
Mole fraction ofCu(II) 
10 
Fig. 3 Continuous variation plot for Cu (II) 
dimethyl amine complex at 590 nm 
0 0.2 OA 0.6 0.6 1.0 
Mole fraction of Copper(II) 
rig. < Continuous variation plot for Cu(!I)^ 
1,3'diamino propane complex at 590nm 
u » 
O 
C 
o 
o 
to 
0 0.2 0.4 0.6 O.d 1.0 
Mole fraction of Cu (ID 
Fig. 5 Continuous variation plot for Cufll}-0-
phenylenedionnine complex at 460nnn 
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TABIB VIII 
BEPLICATE DETERMINATION OP 1,3-DIAMINO PROPANE 
Si.No* Amount taken Amount found 
mg mg 
% error Standard 
deviation 
1 
2 
3 
4 
5 
6 
7 
8 
4.272 
4.272 
4.272 
4,272 
4.272 
4.272 
4.272 
4.272 
4.129 
4.129 
4.272 
4.272 
4.129 
4.080 
4.129 
4.272 
3.3 
3.3 
0 
0 
3.3 
4.4 
3.3 
0 
0.08 «|.^ 
TABLE IX 
BESUI/rS OF UNKNOWN DETERMINATION OF 0-PHENYIENE DIAMINE 
S I . N o . Amount g i v e n ug Amount found P« % error 
1 
2 
3 
20 
50 
150 
20 
48 
146 
0 
- 4 
- 2.6 
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Charge on the complex; The sign of the charge on the complex was 
determined hy adding the blue coloured copper(II) > amine complex 
to "both type of resins. (1) Dowex - 50, a cation exchange resin. 
(11) Amberllte I.R.A* 400 an anion exchange resin. The colour of 
Dowex - 50 resin heads turned blue, while anion exchange resin beads 
remained unaffected. 
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D I S C U S S I O N 
The results of this study reveal that amines can he 
determined spectrophotometrically hy copper(ll). Three procedures 
are recommended. The first procedure is applicable to a number of 
amines and depend on direct complex formation of copper(II) with 
amines. In the second procedure the colour of excess Cu(ll) is masked 
hy sodium thiosulphate and this is the basis of the selectivity of 
the method. 1,3-diamino propane-Cu(lI) conrplex seems to be more 
stable as compared to the complexes of other amines. Hence the 
colour in the first case is retained, while in the second case the 
complexes are less stable and thiosulphate changes Cu(ll) to Cu(l) 
preferably, and nearly colourless solution is obtained. Thus it is 
possible to determine 1,3~diaminopropane selectively in the presence 
of aniline, p-toluidine, pyrrole , ^ -naphthylamine, isoquinoline, 
pyridine and diphenyl amine. The third procedure is applied for the 
sensitive and selective determination of o-phenylene diamine. In 
this procedure the amine reacts with acetyl chloride to form an 
intermediate which then forms a reddish brown complex with copper(ll). 
This is extracted in iso-butanol. Extraction increases the 
sensitivity and selectivity. Aliphatic and some aromatic amines do not 
interfere in this procedure. Job*s method was performed to find out 
the ratio of copper to amine by procedure I and III. 
Complexes formed under the above mentioned conditions are 
positively charged as confirmed by treatment of the coloured complexes 
with cation and anion exchange resin beads. The determination of 
1,3-diaminopropane in the presence of seven other amines was 
41 
successfully done. Eight replicate determinations of 1,3-diamino-
propane were done with a standard deviation of 0.08 yife absolute 
(Tahle VIII). 
4-) 
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C H A P T E R - III 
REACTION OF SOME NITROGEN CONTAINING AROMATIC COMPOUNDS WITH 
SODIUM PERIODATE. SPECTROPHOTOMETRIC DETERMINATION OF 
BRUCINE, p-ANISIDINE, BENZIDINE, DIPHENYIAMINE, 
N-PHENYL-1-NAPHTHYL AMINE AND INDOIE 
C H A P T E R - III 
REACTION OF SOME NITROGEN CONTAINING AROMATIC COMPOUNDS WITH 
SODIUM PERIODATE. SPECTROPHOTOMETRIC DETERMINATION OF 
BRUCINE, p-ANISIDINE, BENZIDINE, DIPHENYIAMINE, 
N^IHENYL-1-NAPHTHYL AMINE AND INDOLE 
Determination of nitrogen containing aromatic compounds has 
been studied by various workers. Some volumetric methods have "been 
developed to titrate a limited group of these functions (i), it is 
preferable to employ spectrophotometric methods because of selectivity 
and sensitivity. Determination of brucine in mg and jug amounts has 
been reported (2,3), Spot test detection of amines, indoles and 
carbazoles by 3-methyl, 2-benzothiozolinone hydrazine-hydrochloride 
reagent has been studied (k), Some methods are given for spectro-
photometric determination of indole (5,6), diphenyl amine (6,7,8), 
anisidine (9), benzidine (10,11) and N-phenyl-1-naphthyl amine (12). 
Determination of some amines has been reported in our earlier papers 
using acetyl chloride and ferric (13) and with copper(II) (14). 
A 
Recently a method has been suggested for the detection of aromatic 
and hetrocyclic amines in mg amounts using lead tetraacetate as the 
reagent (15). 
Diphenyl amine, N-phenyl-1-naphthyl^amine, brucine and indole 
react with sodium periodate in presence of sulphuric acid while 
anisidine reacts with periodate in the presence of acetic acid to 
produce the stable coloured compound. Benzidine also reacts with 
periodate in the presence of acetic acid to produce a coloured 
4. 
compound i«hose Intensity decreases after five minutes. A survey of 
the literature shows that this reaction has not heen studied earlier. 
Therefore it was decided to study this reaction for the detection 
and spectrophotometric determination of above compounds. Utility of 
the present method over other oxidative methods is followed in the 
discussion. 
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E X P E R I M E N T A L 
Apparatus; A Bausch and Lomb Spectronic-20 (U.S.A.) was used for 
the spectrophotometric work. 
Reagents; All the reagents used were of analytical grade. 
Solution of the nitrogen containing compounds used; Solutions of 
amines were prepared in methanol water mixture (1:3). 
3% sodium periodate solution was prepared in conductivity 
water. 
Procedure; 
(a) For qualitative analysis.- To 0.1 ml of the sample solution 
containing 0.5 ug - 1.0 mg of various aromatic amines, nitrogen 
containing hetrocycllc compounds and other related compounds, was 
added 0.5 ml of 3^ solution of sodium periodate followed by l drop 
of concentrated sulphuric acid/acetic acid. Different colours were 
obtained with different compounds at room temperature. The results 
are given in table X. 
(b) For quantitative analysis.- 0.5 ml of the sample solution 
containing diphenyl amine (5 jog - 50 pg), N-phenyl-1-naphthyl amine 
(100 pg - 180 pg), indole (50 |ug - 400 pg), bruclne (200 ug - 2 mg), 
p-anisidlne (100 jug - 1 mg) and benzidine (10 pg - 100 ug), was treated 
with 0.5 ml sulphuric acid/acetic acid and 0.5 ml of 3^ sodium 
periodate solution. Blue, violet, pink and green colour was obtained 
with different compounds under the conditions mentioned in table XI. 
The total volume of the solution was made upto the mark in a 10 ml 
4 o 
standard flask by adding conductivity water/acetic acid or the 
coloured product was extracted with 10 ml of n-butanol. The 
ahsorhance was noted at their respective^ „^^ against the blank 
max 
run under the similar conditions. 
TABLE X 
QUALITATIVE TEST OF SOME AROMATIC AND HETROCYCLIC 
AMINES WITH SODIUM PERIODATE 
r I I 
Name of the compound Colour with Colour with Detection 
per iodate in per^ i^odate in limit 
Aniline 
p-Toluidine 
m-Amino phenol 
o-Toluidine 
p-Anisidine 
o-Anisidine 
o-Amino benzoic acid 
Sulphanilic acid 
o-Nitroaniline 
o-Phenylene diamine 
m-Phenylene diamine 
p-Phenylene diamine 
Phenatidine 
Benzidine 
N,N-Dlphenylbenzidlne 
3^3 - Diaminobenzidiniimi 
t e t r a ch lo r ide 
HgSO^ medl 
V 
R 
R 
O.Y. 
-
D.P. 
. 
Uffi ace t 
medi 
I c 
um 
V 
-
-
-
V 
V 
L. 
acid 
P . 
50 pg 
5 mg 
1 mg 
50 fxg 
5 MS 
5 pg 
^ 
R 
V 
Y 
P.V. 
R 
V 
V 
G 
B.G, 
1 pg 
0,75 jOg 
5 pg 
0.50 pg 
1 pg 
10 jug 
,7 
(Table X Continued) 
Name of the compound Colour with Colour with 
per iodate in per iodate in 
acetic acid 
medium 
HgSO. medium 
Detection 
limit 
Diphenyl amine 
- N -
1-Naphthyl phenyl amine 
Bl 
Bl 
P.V. Indole 
indole-3-acetic acid 
Indole-3-acrylic acid L.O. 
Pyrrole 
Tryptophan 
Carhazole 
Proline 
Brucine P 
Strychnine P 
o( -Naphthyl amine 
p-Naphthyl amine 
pyridine 
2^2 •- Bipyridyl 
Quinildine 
Quinoline 
isoquinoline 
p-Dimethyl amino benzaldehyde -
D.G. 
0.50 fig 
0.50 jug 
2 fig 
5 fig 
500 pg 
Abbreviations 
V m V i o l e t , P = Pink, D.G. « Dull Grey, Bl • Blue, Y = Yellow, 
O.Y. ss Orange Yellow, R = Red, G « Green, B.G. ts Blackish Green, 
D.P. = Dull Pink, L.P. s Light Pink. 
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TABLE XI 
CONDITIONS FOR THE DEVELOPMENT OP COLOUR FOR CERTAIN NITROGEN 
CONTAINING COMPOUNDS ¥ITH SODIUM PERIODATE 
Compound HgSO. Acetic Tempe- Time in ^ 
acid rature minutes ^ 
o 
0 C 
Solvent add-
ed to make 
upto the 
mark 
Diphenyl amine 18 N 4 0 + 1 10 570 nm Water 
N-phenyl-
1-naphthyl amine 
Brucine 
Indole (a) 
Anisidine (a) 
Benzidine (a) 
24 N 
30 N 
36 N 
-
— 
-
-
-
10^ 
lOfc 
24 
60+1 
24 
24 
24 
10 
40 
5 
5 
5 
570 nm 
510 nm 
510 nam 
520 nm 
860 nm 
Acetic Acid 
Water 
-
-
• • 
(a) =! Extraction in 10 ml of n-butanol 
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R E S U L T S 
The absorption spectra of the coloured compounds of amines 
with sodium periodate were taken to find out the optimum wavelengths 
for the purpose of determination (Flg.6A, B and C). 
For ohtaining the optimum conditions for the determination of 
these amines and hetrocyclic compounds, the effect of time, temperature, 
sulphuric acid/acetic acid concentration and effect of concentration 
of sodium periodate solution was studied. The amount of different 
compounds used were: Diphenyl amine (50 ug), N-phenyl-1-naphthyl-
amine (100 ug), hrucine (2000 ug), indole (100 pg), p-anisldine (500 pg) 
and benzidine (80 )Jig). 
Effect of time and temperature; Taking the amine solution in an amount 
given above and following the recommended procedij^ e, the absorbance was 
noted as a function of temperature. Except brucine the reaction of 
o 
other compounds were complete at room temperature (24 C) within five 
to ten minutes. The optimum temperature and the time required for 
o 
brucine Is 60 ^  1 C and 30 minutes respectively. The results are 
presented in Figs.7 and 8. 
Effect of sultfiuric acid concentration; Keeping rest of the conditions 
same as above, sulphuric acid concentration was varied from 9N to 36N. 
The required concentration of sulphuric for diphenyl amine, N-phenyl-1-
naphthyl amine and brucine is given in Fig.9. The absorbance for 
Indole was unaffected by this variation. No change in absorbance was 
found for benzidine and p-anlsldlne for the variation of acetic acid 
concentration from 10?^  to 100%. 
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Fig. 6 A Absorption spectra of coloured compounds 
of amines with sodium periodate 
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Fig- 6 B Absorption spectra of coloured compounds 
of amines with sodium periodate 
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5V 
Effect of sodium perlodate concentration; Sodium perlodate concentra-
tion was varied from 0.3 to 3%. The optimum concentration required 
for each compound under study is given in Fig.10. 
Callhratlon curves; 5 pg to 2000 fig of amines were used for the 
preparation of calibration curves using the above methods. Results 
are given in table XII and the calibration curves are given in Fig.11A**-^ -
Study of precision; To test the reproducibility of the method six 
replicate determinations were made for each compound. The relative 
standard deviation for particular amount is given in table XIII. 
TABLE XII 
THE ABSORBANCE OF THE COLOURED COMPOUND OF GIVEN AMINES 
FOR DIFFERENT AMOUNTS 
SI.No. 
1 
2 
3 
k 
5 
6 
t 
Diphenyl amine 
Amount 
pg 
5 
10 
20 
30 
hO 
50 
t 
Absorbance 
0.08 
0.15 
0.23 
0.35 
0.44 
0.56 
1 
N-Phenyl-
amine 
Amount 
10 
20 
60 
100 
140 
180 
-1-naphthyl 
1 
Absorbance 
0.08 • 
0.14 
0.30 
0.44 
0.60 
0.75 
Amount 
50 
100 
200 
300 
400 
-
Indole 
t 
Absorbance 
• 
0.08 
0.17 
0.35 
0.48 
0.66 
-
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(Table XII Continued) 
SI.No. 
1 
2 
3 
h 
5 
6 
1 
Brucine 
Amount 
200 
400 
800 
1200 
1600 
2000 
1 
Absorbance 
0.07 
0.13 
0.30 
OAk 
0.59 
0.75 
1 
p-Ani 
1 
Amount 
100 
200 
400 
600 
800 
1000 
TABLE 
sldlne 
/Vbsorbance 
0.065 
0.12 
0.31 
0.47 
0.66 
0.86 
XIII 
1 
Benzidine 
Amount 
10 
20 
40 
60 
80 
100 
1 
Absorbance 
0.07 
0.16 
0.30 
0.46 
0.58 
0.70 
REPLICATE DETERMINATION OF DIFFERENT AMINO COMPOUNDS 
1 
Sl.No. 
1 
2 
3 
4 
5 
6 
Dlphenyl amine 
Amount 
taken 
30 
30 
30 
30 
30 
30 
1 
Amount 
found 
pg 
29 
30 
28 
28 
28 
29 
1 
% R.S.D. 
5.2 pg 
N-PhenyI-1-naphthyl 
1 
Amount Amount 
taken found 
us US. 
100 100 
100 105 
100 105 
100 102 
100 105 
100 107 
amine 
fo R.S.D. 
5.0 jag 
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(Table XIII Continued) 
1 
SI.No. 
1 
2 
3 
k 
5 
6 
Amount 
taken 
300 
300 
300 
300 
300 
300 
Indole 
1 
Amount 
found 
290 
300 
295 
295 
305 
290 
% Il.S.D. 
2.4 jUg 
t 
Amount 
taken 
500 
500 
500 
500 
500 
500 
p--Anlsidine 
1 
Amount 
found 
It 90 
500 
510 
500 
500 
490 
% R.S.D. 
1.4 pg 
1 
Sl.No. 
1 
2 
3 
4 
5 
6 
Amount 
taken 
40 
40 
40 
40 
40 
40 
Benzidine 
1 
Amount 
found 
41 
41 
40 
40 
42 
39 
1 
'% R.S.D. 
3.5 pg 
1 
Amount 
taken 
1200 
1200 
1200 
1200 
1200 
1200 
Bruclne 
Amount 
found 
pg 
1220 
1160 
1180 
1200 
1200 
1160 
*% R.S.D. 
4.2 jjg 
R.S.D. Relat ive standard dev ia t ion . 
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Interference study: All the six compounds can be determined in the 
presence of ether, alcohol, chlorohenzene, nitro and dinitrohenzene, 
aliphatic and aromatic amides, alkyl and aryl cyanides, acetic acid, 
benzoic acid. N-phenyl-i-naphthyl amine and diphenyl amine can be 
determined in the presence of dimethyl amine, methyl amine, ethyl 
amine, pyridine; but aldehydes and ketones interfere. Interference 
of acetone and methyl isobutyl-ketone was removed by boiling off 
ketones from the mixture. Indole (400 ug) can be determined in the 
presence of following compounds. The maximum amount tolerable is 
given in paranthesis: brucine (5 mg), p-anisidine (2 mg), benzidine 
(1.5 mg) and p-toluidine (1 mg), diphenyl amine (0.4 mg), indole-
3-acetic acid (2.1 mg) tryptophan (6.5 mg) and benzidine (0.4 mg). 
400 jug of anisidine was determined in the presence of indole (200 jug), 
-H-diphenyl amine (1 mg), brucine (2 mg), 1-naphthyl phenyl amine (1 mg), 
A. 
p-naphthyl amine (1.8 mg), pyridine (1.5 mg), quinol (1.0 mg) and 
phenol (5 mg). Aliphatic and aromatic aaines interfere in the 
determination of benzidine. The interference of low boiling amines 
(methyl amine, ethyl amine, l:3-dlaminopropane, dimethyl amine) was 
removed by heating the mixture of benzidine and aliphatic amine at 
O O 
115 C - 116 C, pyridine is also removed at this temperature. Glucose 
and fructose interfere. 
900 pg of brucine can be determined in the presence of 1.8 mg 
of strychnine. A detailed account of interference study of brucine 
and other amines Is given in tables XIV, XV, XVI, XVII and XVIII. 
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TABLE XIV 
INTERFERENCE STUDY IN THE DETERMINATION OF BRUCINE BY PERIODATE 
SI.No. 
1. 
2. 
3. 
k. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
±k. 
15, 
16. 
17. 
t 
Amount of 
brucine 
taken jig 
1600 
1600 
1600 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
±200 
1200 
900 
t 
Impurity added (50 
Acetic acid 
Benzoic acid 
Acetamide 
Benzamide 
1:3-dlaminopropane 
Pyridine 
Dimethyl amine 
Tryptophan 
Phenyl cyanide 
Nitrobenzene 
mg) 
l-chloroir2«j4-dinitrobenzene 
Chlorobenzene 
Ethanol 
Diethyl ether 
Benzaldehyde 
Ethyl methyl ketone 
Strychnine 
1 
Brucine 
found pg 
1600 
1620 
1600 
1200 
1180 
1200 
1200 
1220 
1180 
1200 
1160 
1180 
1200 
1200 
±220 
1180 
900 
1 
% Error 
00 
+1.2 
00 
00 
-1.6 
00 
00 
+1.6 
-1.6 
00 
+3.3 
-1.6 
00 
00 
*±.6 
-1.6 
00 
Strychnine upto 1.8 mg/ml does not Interfere 
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TABLE XV 
INTERFERENCE STUDY IN THE DETERMINATION OF BENZIDINE 
Sl.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
1 
Benzidine 
taken 
60 
60 
60 
60 
60 
60 
60 
80 
80 
80 
80 
80 
80 
80 
1 
Compound added as 
impuri ty 
Acetamide 
Benzamide 
Ethyl methyl ketone 
Methyl alcohol 
Methyl cyanide 
Benzonitrile 
Nitrobenzene 
Anisole 
Dimethyl amine 
* 
Ethyl amine 
Brucine 
* 
Pyridine 
N-N'-Diphenyl benzidine 
Formic acid 
t 
Amount 
added 
mg 
10 
«.5 
80.5 
79.6 
78.2 
101 
119.8 
99.8 
68.04 
70.6 
2,0 
98.2 
2.0 
122 
1 1 
Benzidine 
found 
jag 
61 
63 
61 
61 
60 
60 
64 
78 
77 
77 
78 
80 
74 
80 
% Error 
+1.6 
+5 
+1.6 
+1.6 
0 
0 
•*-6,6 
-2.5 
-3.7 
-3.7 
-2.5 
0 
-7.5 
0 
* 0 0 
The sample solution was heated at 115 C - 116 C in an oil bath. 
G< 
TABIE XVI 
INTERFERENCE STUDY IN THE DETERMINATION OF 
p-ANISIDINE BY SODIUM PERIODATE 
SI.No. 
1. 
2. 
3. 
k. 
5. 
6. 
7. 
8. 
f t 
p-anlsi- Compound added 
dine taken 
fig 
400 
400 
400 
400 
400 
400 
400 
400 
Indole 
Diphenyl amine 
Brucine 
1-Naphthyl 
Pyrld ine 
Quinol 
Phenol 
2-Naphthyl 
amine 
amine 
1 
Amount 
added 
mg 
0.2 
1.0 
2.0 
1.0 
1.5 
1.0 
5.0 
2.0 
1 1 
p-anisi-
dine found 
400 
410 
400 
410 
390 
380 
400 
420 
fe Error 
0 
+2.5 
0 
+2.5 
-2.5 
-5.0 
0 
+5 
TABLE XVII 
INTERFERENCE STUDY IN THE DETERMINATION OF 
INDOLE BY SODIUM PERIODATE 
SI.No.' 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Indole 
taken 
400 
400 
400 
400 
400 
400 
400 
400 
1 
Compound added 
Brucine 
p-anisidine 
Benzidine 
p-toluidine 
Diphenylamine 
Indole-3-acetic 
Trytophan 
Carhazole 
acid 
1 
Amount 
added 
mg 
5.0 
2.0 
1.5 
1.0 
0.4 
1.1 
6.5 
8.0 
1 
Indole 
found 
400 
400 
410 
405 
380 
390 
400 
405 
% error 
0 
0 
+2.5 
+1.2 
-5.0 
-2.5 
0 
+1.2 
)0 
TABLE XVIII 
INTERFERENCE STUDY IN THE DETERMINATION OF 
DIPHENYL AMINE BY SODIUM PERIODATE 
SI.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
1 
Diphenyl 
amine 
taken 
/^ 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
.,,, 
Compound added as 
impurity 
Ethyl alcohol 
Formic acid 
Acetic acid 
Acetamide 
Methyl cyanide 
Nitrobenzene 
Chlorobenzene 
Anisole 
Dimethyl amine 
l)2-diamino ethane 
Pyridine 
r 
Methy]^ amine 
1 
Amount 
added 
80 
122 
105 
100 
78.2 
119.8 
110.8 
99.8 
68 
90 
98.2 
70 
» 
Diphenyl 
amine 
found 
/ug 
24.5 
25 
24.5 
26 
26 
24.5 
25 
25 
25 
26 
25 
25.5 
1 
io Error 
-2 
0 
-2 
+4 
+4 
-2 
0 
0 
0 
+4 
0 
+2 
6V 
D I S C U S S I O N 
The results of Table X indicate the possihility of this 
reaction to detect certain amines. Indole can be differentiated 
from pyrrole and carbazole as indole gives violet colour (detection 
limit 2 iig) in the presence of sulphuric acid and sodium periodate, 
while pyrrole and carbazole do not give any colour. Distinction 
between three phenylene diamines can also be made. The different 
compounds are studied under different conditions (table XI). The 
nature of the colour or thej^ depends upon the nature of the 
compound. Except indole, the intensity of the colour with other 
five compounds depends on temperature, sulphuric acid concentration 
and time (Figs.7,8 and 9). The effect with indole is much less. 
The intensity of the colour also increases with increase in periodate 
concentration to a certain value after that the absorbance is nearly 
constant (Fig.10). The optimum concentrations were determined by 
these plots. The results of the calibration curves with all these 
compounds as summarized in table XII reveal that Beer's law is 
applicable within the raiges given in this table. The study of 
interference is helpful in finding its utility in the determination 
of these compounds in the presence of various substances. The 
results of table XIII indicate that the determinations can be done 
with reproducibility under the limits of precision. 
The present method of determining certain amines with 
sodium periodate is an improvement over other methods suggested 
(8, 9, 10, 11) for amines in the following respects: 
i. For diphenyl amine, N-phenyl-1-naphthyl amine and benzidine 
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sensitivity of this method is quite comparahle to other known 
methods. The lowest limit for diphenyl amine determination 
so far is 4 fig/ml (8) and aliphatic amines interfere. By oxidative 
method (10) minimum amount of diphenyl amine and benzidine deter-
mined are 50 )ug and 120 pg respectively. Present method is ten 
times more sensitive as obvious from table XII. Anisidine has 
been determined previously in the range 100 to 800 fag with 20% 
error. The present method gives the average error of 0.9 and 
% relative standard deviation as 1.4|.tA.The range of determination 
being almost the same. 
2, Aliphatic amines do not interfere in the determination of 
diphenylamine and N-phenyl-1-naphthyl amine e.g. 25 ug of diphenyl 
amine has been determined in presence of nearly 3000 fold excess 
of aliphatic amines (table XVIII). However, aliphatic amines 
and pyridine interfere in the determination of benzidine. The 
interference of these amines present in a given sample of 
benzidine is also removed. 
3, Sodium periodate is used for the selective determination of 
brucine in micro amounts. Strychnine gives the colour at much 
higher concentration. This permits the determination of brucine 
in the presence of twice the amount of strychnine. 
4, Other alkaloids tried do not give the colour reaction. They are: 
ephidrin, quinine^ sinchonine, codiene, caffien, nicotin, atropin, 
pilocarpine, reserpine, pepavarine, yohimbine, morphine, 
tubocurarine and apomorphine. 
Gd 
Mechanism; The mechanism for the colour formation with sodium 
periodate in the presence of sulphuric acid was worked up for hrucine 
on the hasis of the following facts; 
1. The coloured compound is positively charged as shown by the colour 
change of cation exchange resin from light yellow to dark pink. 
Anion exchange resin remain unaffected. 
2. Periodic acid or periodate does not attack the double bond forming 
epoxide or diol. Colour formation due to N-oxide is also ruled out 
as brucine does not give any colour with HgOg (a specific reagent 
for N-oxide formation) in acidic/alkaline/neutral medium. 
3. Periodic acid being a very strong acid can protonate the activated 
benzene ring, as a result brucine acquires the quinoidal 
structure with resonance stabilization extending upto the nitrogen 
of the attached five membered hetrocyclic ring. 
h. Light pink colour is also obtained with concentrated HnSOj^  but 
remains for a very short irtiile'Tor is probably stabilizing the 
cation more effectively than HS07. Concentrated HCl or HNO- do not 
produce any colour with brucine as they are not sufficiently 
protonating agents. 
5. The colour is stable in acidic medium and is decolourised by alkali. 
This observation also supports the above mechanism. 
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C H A P T E R - IV 
SPECTROEHOTOMETRIC DETERMINATION OF SOME KETONES IN MICROGRAM 
QUANTITIES BY l-CHL0R0-.2,4-DINITR0BENZENE 
The use of various mono^nitro and dinitro confounds containing 
a variety of functional groups has been demonstrated for qualitative 
analysis of mixture of hydrazines and amines hy Malone (i). For the 
quantitative analysis the use of 2,4-dinitrophenyl hydrazine has heen 
made to determine the aldehydes and ketones hased on the formation of 
a deep red coloured derivative of hydrazone (2,3). Spectrophotometric 
methods are available for the determination of aldehydes in the 
presence of ketones (li,5,6). However, only limited studies are 
reported for the determination of ketones in the presence of aldehydes. 
Determination of acetone in the presence of ketones and aromatic 
aldehydes with furfural and vanillin|^  has been reported (7»8). Ketones 
containing ^ -methyl or methylene group ha^ been determined by the 
use of p-dimethylaminobenzaldehyde (9). Studies with other^nitro 
compounds indicate that nitrobenzene and m-dinitrobenzene react with 
acetone in the presence of sodium hydroxide to produce pink violet 
colour. Other nitrocompounds were tried and it was found that maximum 
sensitivity was obtained with l-chloro-2,li-dinitrobenzene. The 
studies based on the utility of this reaction for the spectrophotometric 
determination of some ketones in the presence of some aldehydes in 
tolerable amounts are summarised in this chapter. 
t-J9. 
u 
E X P E R I M E N T A L 
Solutions: Solution of ketones of the desired concentration Is 
prepared in ethanol. 
l-chloro-2,4-dinitrobenzene; 20 gm of the nitro compound was dissolved 
in benzene. It was transferred in 100 ml. Standard flask and the 
total volume was made to 100 ml with henzene. 
Alcoholic sodium hydroxide; 1 gm sodium hydroxide was dissolved in 
100 ml ethanol (95%). 
Procedure (i) For qualitative analysis; To ahout 1 ml of 10% solution 
of nitro compound in henzene was added 1 drop of ketone solution. 
The reaction mixture was shaken for 2-3 minutes. Pink violet colour 
was observed. The results are given in table XIX. 
Procedure (ii) For quantitative analysis: 1 ml ketone solution 
containing 23,5 jug to 8 mg of ketone was treated with 0.5 ml 1-chloro-
2,4-dinitrobenzene'and 3 ml of alcoholic sodium hydroxide solution. 
The reaction mixture was allowed to stand for five minutes at room 
temperature. It was decanted in a 10 ml standard flask and total 
volume was made to 10 ml with ethanol. Ibe absorbance was measured 
immediately at 520 nm. 
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R E S U L T S 
The absortance of the pink violet coloured product of acetone 
with i-chloro-2,4-dinitrobenzene was recorded at varying wavelengths. 
The maximum ahsorbance was obtained at 520 nm (Fig.i2). 
To set the optimum conditions for the determination of ketones, 
the effect of time, temperature, amount of sodium hydroxide and the 
effect of varying the amount of nitro compound was studied and the 
results are given in table XX. 
TABLE XX 
EFFECT OF VARIABLES FOR THE COLOUR DEVELOPMENT OF 
KETONES WITH i-CHL0R0-2,4-DINITR0BENZENE 
Effect 
Time in 
minutes 
1 
5 
10 
20 
40 
Effect of 
of time 
1 
Absorbance 
time 
0.09 
0.54 
0.52 
0.46 
0.38 
1 
Effect of 
% NOg 
compoimd 
20 
15 
10 
5 
0.2 
and temperature: 
NOg compound 
1 
Absorbance 
1 ml 
0.54 
0.56 
0.52 
0.23 
0.10 
1 
Effect of 
xide 
1% sodium 
hydroxide 
1 ml 
2 ml 
3 ml 
4 ml 
5 ml 
sodi um hydro-
1 
Absorbance 
cyclopentanone solution 
0.35 
0.52 
0.55 
0.55 
0.54 
(0.02%) 
was added to 0.5 ml of 20% l-chloro-2,4-dinitroben2ene followed by 
AOO AAO 460 520 560 
Wavelength (n m) 
600 64 0 
Fig 12 Absorption spectrun) of coloured compound 
of acetone with l-chloro - 2,4-dinitrobenzene 
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3 ml of alcoholic sodium hydroxide solution. Absorhance was noted 
as function of reaction tybUft using the recommended procedure. Heating 
causes decolourisation and hence a considerable decrease in absorbance 
was percieved. 
Effect of l-chloro-2,4~dinitrobenzene; For each set the amount of 
nitro compound was varied from 20% to 0.2%. The absorbance was nearly 
constant in the range of 10 to 20% of nitro compound. 
Effect of sodium hydroxide; The effect of varied amount of alcoholic 
sodium hydroxide solution on the absorbance of the coloured compound 
was studied. The minimum amount required was 2 ml. 
Calibration curves; 23.5 pg to 8 mg of ketones were used for the 
preparation of calibration curves (table XXI) and the molar absorpti-
vities calculated for different ketones are given in table XXII. 
The calibration graph of eyelopentanone is given in Fig.13. 
TABI£ XXI 
THE ABSORBANCES FOR THE CALIBRATION CURVES FOR DIFFERENT KETONES 
1 
Sl .No. 
1 
2 
3 
5 
6 
Cyclopent 
1 
Amount 
23.5 
^7.0 
9^.0 
188.0 
282.0 
376.0 
1 
anone 
Absorbance 
0.06 
0.15 
0 .2* 
0 .50 
0 .75 
1.00 
Cyclohexanone 
t 
Amount Absorbance 
47 .0 0.08 
94.0 0.16 
564.CF,\ TlZ/to0,^0 :^J 
7 5 2 . 0 ^ ^ iu,:: - ^ ^ i)*aaT ^^^^^ 
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(Table XXI Continued) 
t 
si.No. 
s 
1 
2 
3 
4 
5 
6 
Acetophenone 
t 
Amount 
jig 
103 
515 
1030 
2060 
4120 
-
Absorbance 
0.08 
0.22 
0.32 
0.60 
1.00 
-
1 
Methyl, 
Amount 
/ig 
810 
1620 
3240 
4860 
6480 
8100 
n-propyl ketone 
1 
Absorbanoe 
0.10 
0.18 
0.28 
0.40 
0.52 
0.80 
1 
SI.No. 
1 
2 
3 
4 
5 
6 
Ethyl 
Amount 
pg 
800 
1600 
3200 
4800 
6400 
8000 
• 
methyl ketone 
1 
Absorbanoe 
0.12 
0.20 
0.37 
0.56 
0.75 
1.00 
Amount 
pg 
790 
1580 
3160 
4740 
6320 
-
Acetone 
1 
Absorbanoe 
0.09 
0.18 
0.31 
0.45 
0.56 
-
I i i 
0 50 WO 150 200 250 300 350 400 
Amount in micrograms 
rig. f3 Calibration graph of cyclopentanone at 520nm 
TABI£ XXII 
MOIAR ABSOHPTIVITIES OF VARIOUS KETONES 
Si.No, Name ol ketone Molar absorptivity 
1 Cyclopentanone 
2 Cyclohezanone 
3 Acetophenone 
h Methyl n-propyl ketone 
5 Ethyl methyl ketone 
6 Acetone 
2 .2 z 
1.1 X 
3.0 I 
0 .7 X 
0 .8 X 
0 .5 X 
l o ' 
ID' 
10^ 
10^ 
10^ 
10^ 
S 
3 
fc 7 >> I t ? 
Study of precision; To test the reproducihility of the method, six 
replicate determinations of cyclopentanone were done. The standard 
deviation and average error were i4,8 fxg absolute and 2,5^ 
respectively. Four unknown determinations were done with error of 
+ 3% as given in table XXIII. 
8i 
TABUS XXIII 
REPEODUCIBILITY IN THE DETERMINATION OF CYCLOPENTANONE 
Si.No. Replicate determination IMknown determination 
t I 
Amount taken Amount found Amount given Amount found 
fig )ig fig /ig 
1 
2 
3 
4 
5 
6 
376 
376 
376 
376 
376 
376 
Average 
Standard 
% e r ror 
devla t i 
376 
366 
357 
376 
400 
366 
_ 0S% 
on 14.8 / ^ 
0.0 
188 
282 
376 
A^  
absolute 
0.0 
197 
300 
366 
verage error + 3^ 
Interference study; Determination of eye1opentanone was carried out 
in the presence of alcohol, ether, methyl cyanide, benzamide, 
chlorobenzene, formaldehyde, acetaldehyde, benzaldehyde, sodium 
formate and alanine. Aliphatic and aromatic amines intierfered in 
all amounts. Table XXIV gives the result. 
TABUE XXIV 
INTERFERENCE STUDY 
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Cyclopenta-
none taken 
376 
376 
376 
376 
376 
376 
376 
376 
376 
376 
376 
1 
Org.comp.added as 
impurity-
Methyl cyanide 
Chlorol)enzene 
Benzamide 
Butyl alcohol 
Acetaldehyde 
Benzaldehyde 
Formaldehyde 
Benzophenone 
Sodium formate 
Alanine 
Ethyl acetate 
1 
Amount added 
mg 
400 
550 
100 
400 
0.2 
10 
0.436 
100 
100 
100 
450 
1 
Cyclopenta-
none found 
376 
366 
366 
376 
357 
400 
357 
376 
376 
366 
376 
1 
% error 
0 
-2.6 
-2,6 
0 
-5 
+6 
-5 
0 
0 
-2.6 
0 
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D I S C U S S I O N 
Reaction of l-chloro-2,4'*di)^ itrobenzene can be used for 
determining certain ketones containing methyl or methylene group 
adjacent to the carbonyl group in microgram amounts. The reaction 
is affected by time, temperature, amount of nitrocompound and 
sodium hydroxide (Table XX). The optimum conditions were taken 
according to these results. These ketones can be determined in the 
ranges indicated in table XXI. Beer's law is applicable within the 
range. Replicate determination shows the reproducibility of the 
results with standard deviation of 14,5 |ig absolute and average 
error of + 0*^%* Certain compounds present do not interfere in the 
determination process and certain others like formaldehyde, 
acetaldehyde and benzaldehyde also do not interfere upto certain 
limit (XXIV). A comparison with other spectrophotometric determination 
of carbonyl compounds reveals that the present method can be used 
with an equal consideration. 
As clear from Table XXI, the sensitivity for cyclic ketones 
is much higher than the straight chain ketones. 
Mechanism: The reaction between ketones containing ^-methyl or 
methylene group with l-chloro-2,4,dinitrobenzene may be regarded 
84 
to proceed by the following steps: 
0 0 ^ 
CH3 - C - CH3* OH >• C h 3 - C — C H 2 * H2O 
U 1 
NO2 
0 
II 
NO2 
->CH3 H  - C - C H 2 - y \ NO. 
OH 
III 
N O 2 
O ) . 
I V 
NO2 
^ C H 3 - C - C H - ^ / \ V _ N 0 2 - « — > C H 3 - C - C H - ( / \ 
V I 
NO2 
N O 2 < *-
0 
II 
C H 3 - C - C H 
0 
II 
*- CH-i - C "^ <IV^ -^
VIII 
» C H 3 - C - C H : = / / \ - N 0 2 
The f i r s t step i s the formation of a carhanion (11) from acetone by 
the abs t rac t ion of a proton from methyl group adjacent to carbonyl 
group. Carbanion thus produced and being a nucleophile may at tack 
the carbon of the e lec t ron def ic ient benzene r ing and subsequently 
replacing the chlorine atom giving product IV. This compound has a 
highly react ive methylene group containing a l ab i l e pa i r of hydrogens, 
Hydroxyl ion further knocks out a proton and gives a carbanion. This 
i s highly s tab i l i zed through resonance. The s table anion i s hybrid 
of d i f ferent canonical forms (V, VI, VII, VIII and IX). 
8o 
Nitro group present can delocallse charge more effectively, 
hence increase in the numher of nitro groups may help in increasing 
the stability of anion. However, picric acid does not produce any 
colour presumably due to the reason that in the presence of a base, 
picric acid exists in the form of a highly stabilized anion. The 
attack of carbanion from ketone to benzene ring will not be facilitated. 
The relevence of the above mechanism is also governed by the 
negative test given by di-isopropyl ketone and benzophenone the 
former having only one Q/-hydrogen and later having none. Other 
ketones related to those mentioned above do not produce any specific 
colour with mono, di or polynitro compounds. Cyclic ketones can be 
determined in much lower concentration than open chain ketones due 
to the high reactivity of the former type of ketones than the latter. 
8o 
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C H A P T E R - V 
SPECTBOPHOTOMETRIC DETERMINATION OF PHENYL HIBRAZINE 
WITH AMMONIUM MOLYBDATE 
Hydrazines are basic in nature and can be titrated like 
amines, with strong acids. The aromatic hydrazines are less basic 
and titration in mixed solvent systems may be preferred (1). The 
c 
problem may arise sometimes for the selection of suitable solvent ' 
system. A variety of aromatic aldehydes such as benzaldehyde or 
nitrobenzaldehyde (2), cinnamaldehyde (3) and p-dimethyl amino-
benzaldehyde (^ ,5,6) have been used for the spectrophotometric 
determination of some hydrazines. A comprehensive review for the 
determination of hydrazines is given by Cheronis & Ma (7). Phenyl 
hydrazine can be determined by titrating against KBrO- (8). 
Hydrazine, hydroxyl^amine and other reducing agents interfere. 
As far as we are aware, no satisfactory method is given in 
the literature for the spectrophotometric determination of phenyl 
hydrazine in low concentration. Therefore an interest was developed 
to investigate a colour reaction of this substance, ''phenyl hydrazine 
\when reacts with ammonium molybdate forms^ three coloured compounds 
viz. blue, green and pink. Out of these/pink coloured complex is 
extractable in n-butanol. Some other compounds gave different 
coloured products but none of them could be extracted in'n-butanol 
layer. Therefore, the present study was made to utilize this 
reaction for the determination of phenyl hydrazine. 
8o 
E X P E R I M E N T A L 
Reagents and equipments; Bausch and Lomto "Spectronic-20" was used 
for the spectrophotometric work. All the reagents used were of 
analytical grade. 
Solutions; 0,1% phenyl hydrazine (v/v) and O.IM ammonium molyhdate 
solutions were prepared in demlneralised water. 
Procedure; A small amount (containing 100 yug - 1.3 mg) of phenyl 
hydrazine solution was pipetted In a 20 ml coming test tuhe followed 
by addition of 1 ml of O.IM solution of ammonium molyhdate. Reaction 
mixture was allowed to stand at room temperature for 40 to 50 minutes, 
Violet colour appeared and it was shaken with 10 ml n-butanol in a 
separatory funnel (5 ml each time). The absorbance of the pink 
coloured butanol layer was noted at 510 nm. 
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R E S U L T S 
The absorbemce of the pink coloured complex formed was noted 
at varying wavelengths. The maximum absorbance was obtained at 
510 nm (Fig.14). 
For getting optimum conditions for the determination of 
phenyl hydrazine, the effect of possible variables was studied. The 
results are summarised as follows (Table XXV). 
Effect of time; 0.6 ml of 0.1^ phenyl hydrazine was mixed with 1 ml 
of O.IM ammonium molybdate. After various interval of time the colour 
was extracted with 10 ml of n-butanol and subsequently the absorbance 
was measured for each set. The results are given in table XXV. 
Effect of temperature; Mixture of 0.6 ml phenyl hydrazine and 1 ml 
ammonium molybdate was kept in constant temperature bath for 40 minutes 
o o 
(at different temperatures from 34 C - 94 C). The content was 
extracted with 10 ml n-butanol. The absorbance was measured for each 
set with respect to blank run under the same conditions. It was 
noted that the absorbance decreases slightly with rise in temperature. 
Effect of ammonium molybdate added; 0.4 ml of 0A% phenyl hydrazine 
(v/v) was taken in a boiling tube. To this was added 1 ml of 
ammonium molybdate of varying concentrations (O.OOOl-O.lM). The 
reaction mixture was kept at room temperature for 40 minutes and 
extracted with 10 ml n-butanol. There was no appreciable colour at 
concentrations lower than 0.005M, at this concentration and higher 
the absorbance was nearly constant. 
4^0 460 460 500 520 540 560 580 
Wavelength (nm ) 
Fig. 14 Absorption spectrum of pink colour from 
phenylhydrazine 
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TABI£ XXV 
EFFECT OF VARIABLES ON THE FINK COLOUR FORMED 
BY PHENYL HYDRAZINE AND MOLYBDATE 
SI.No. Effect of time Effect of temperature Effect of ammonium 
molybdate 
Time m Absorbance Tempera- Absorbance Molar 
wiftaVes + "^ concen-
t r a t i o n ture C 
Absorbance 
1 
2 
3 
k 
5 
6 
7 
10 
20 
30 
ho 
50 
60 
75 
0.16 
0.26 
0.31 
0.41 
0.40 
0.40 
0.40 
34 
44 
54 
64 
74 
84 
94 
0.42 
0.40 
0.38 
0.38 
0.36 
0.33 
0.25 
0.0001 
0.001 
0.005 
0.03 
0.05 
0.07 
0.10 
0.00 
0.05 
0.20 
0.19 
0.19 
0.20 
0.20 
Interferences; It was found that methanol, diethyl ether, bromobenzene, 
butyl cyanide, formic acid, acetic acid, phenol, catechol, benzamide, 
nitrobenzene, sucrose, benzaldehyde phenyl hydrazone have no effect 
while aldehydes (aromatic and aliphatic), ketones, glucose, ethyl amine, 
dimethylamine, hydroxyl amine hydrochloride, hydrazine sulphate, 
2,4-dinitrophenyl hydrazine interfere. The results of the interference 
study are given in table XXVI. 
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TABIE XXVI 
INTEHPERENCE STUDY 
phenyl 
hydrazine 
taken ug 
654 
654 
654 
654 
654 
654 
654 
654 
654 
654 
654 
654 
654 
1 
Org.compound added 
as impurity 
Nil 
Methanol 
Diethyl ether 
Bromo benzene 
Butyl cyanide 
Formic acid 
Acetic acid 
Phenol 
Catechol 
Benzamide 
Nitrobenzene 
Cane Sugar 
Benzaldehyde-
Phenyl hydrazone 
1 
Amount 
added 
in mg 
_ 
80 
74 
150 
100 
120 
104 
107 
50 
50 
120 
50 
50 
1 
Absorbance 
0.18 
0.18 
0.17 
0.18 
0.19 
0.18 
0.20 
0.19 
0.17 
0.19 
0.17 
0.17 
0.18 
1 { 
Amount 
of phenyl 
hydrazine 
found ug 
654 
654 
632 
654 
670 
654 
686 
670 
632 
670 
632 
632 
654 
1 
fe error 
^ 
0 
-3 
0 
+2 
0 
+5 
+2 
-3 
+2 
-3 
-3 
0 
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The t e s t was performed with other N-suhst l tuted and phenyl 
subst i tuted hydrazines and the r e s u l t s are summarized in tahle XXVII 
TABLE XXYII 
REACTIONS OP DIFFERENT PHENYL HYDRAZINES AND HYDRAZINES 
WITH AMMONIUM MOLYBDATE 
Name of the compound 
t I 
Colour of the solution Colour of 
• ' - \ "• n-hutanol layer 
Cold Hot 
Hydrazine sulphate Blue 
Hydrazine hydrochloride Blue 
2-Nitrophenyl hydrazine 
4-Nitrophenyl hydrazine 
2,^-Dlnitrophenyl hydrazine 
l-;Naphthoylphenyl hydrazine 
2,5~dichlorophenyl hydrazine 
Phenyl hydrazine Violet 
N^N •_ Dime thy Iphenyl hydrazine Blue 
Green 
Green 
Green 
Green 
Green 
Blue on 
prolonged 
heating 
Violet 
Violet 
Blue 
Nil 
Nil 
Light yellow 
Light yellow 
Light yellow 
Nil 
Pink 
Pink 
Yellow 
T 
Results of Tahle XXVII Indicate that when the test was pexformed 
with N-suhstltuted and phenyl substituted hydrazines pink colour was 
not obtained with nitro and dlnitrophenyl hydrazines, 1-naphthyl phenyl 
hydrazine, NpN-dlmethyl phenyl hydrazine, hydrazine hydrochloride and 
94 
hydrazine sulphate. However, pink colour was observed with 
2,5-dlchlorophenyl hydrazine on heating. 
Calihration graph; Calibration graph was prepared by taking 1 ml of 
ammonium molybdate solution and 100 fig - 1.3 «ag of phenyl hydrazines. 
The results are plotted in Pig,15. The reproducibility of the result 
was checked by six replicate determinations of h36 jug of phenyl 
hydrazine. The standard deviation was 5 m absolute. The accuracy 
of the method was checked by three unknown determinations. The 
average error was + 1%, The results are summarized in table XXVIII. 
TABLE XXVIII 
REPLICATE AND UNKNOWN DETERMINATION OF PHENYL HYDRAZINE 
SI.No. 
1 
2 
3 
k 
5 
6 
1 
Replicate determination 
Amount Amount % error 
taken found 
k56 
^36 
436 
436 
436 
436 
449 
436 
436 
427 
449 
440 
+3 
0 
+0 
-2 
+3 
+1 
1 
Dhknown determination 
Amount 
taken 
218 
0.0 
824 
1 1 
Amount 
found 
218 
0.0 
855 
fc 
I 
error 
0 
0 
+3 
Standard deviation a 5.0 ug absolute 
0 200 400 600 600 JOOO 1200 1400 
Amount of phenyl hydrazine in micrograms 
rig. }5 Calibration graph of phenyl hydrazine 
at SlO n m 
H 
9u 
In order to check the working accuracy with different amounts 
of irfienyl hydrazine the determinations were made in the range of 
436 pg - 13O8 |ig. Each sample was repeated thrice and the results 
are given in table XXIX. 
TABLE XXIX 
TRIPLICATE DETERMINATION OF DIFFERENT AMOUNTS OF PHENYL HYDRAZINE 
% Error 
+3 
0 
-2 
0 
+2 
+2 
0 
0 
+2 
0 
+1 
-2 
Amount taken 
pg 
436 
436 
436 
872 
872 
872 
1090 
1090 
1090 
I3O8 
1308 
1308 
Amount found 
pg 
449 
436 
427 
872 
850 
850 
1090 
1090 
1110 
1308 
1320 
1280 
Average error « 0.5 /ug 
•^1 
D I S C U S S I O N 
By the reaction of phenyl hydrazine with ammonium molyhdate 
the formation of three coloured products was observed. Very low 
concentration of phenyl hydrazine {p /o,01%) form a green coloured 
compound showing ahsorbance less than 0.2 and no appreciable difference 
in absorbance was found with the change of wavelength. The green 
colour changes to blue on the addition of mineral acid and to 
colourless in the presence of alkali. The blue colour formed in the 
presence of mineral acid is not specific for phenyl hydrazine. 
Formation of blue colour in neutral or acidic medium is also found 
with some other organic compounds e.g., sugars, hydroxyl^amine... 
hydrochloride and hydrazine sulphate etc. T**® blue coloured compound 
formed by phenyl hydrazine when shaken with n-butanol, iso-butanol 
etc. is not extractable into the organic layer. 
In the absence of an acid or a base, phenyl hydrazine 
(concentration \.0.1%) reacts with ammonium molybdate to form pink 
coloured product which is extracted into n-butanol. Such behaviour 
was not observed with other interfering substances. Extraction thus 
increases the selectivity. The development of pink colour with 
phenyl hydrazine and ammonium molybdate depends on time, temperature 
and concentration of ammonium molybdate. Itie results of time effect 
presented in table XXV shows that the absorbance increases with time 
and after 40 minutes, it becomes constant. Therefore, the reaction 
mixture was kept for 40 minutes for the development of colour. As 
the temperature increases, the absorbance slightly decreases. Hence 
o 
room temperature (34 + 2 C) was selected for this study. 
9o 
Ammonium molybdate of concentration upto O.OOlM is not useful 
since the colour development is not pronounced. However, for the 
concentration higher than 0.005M the ahsorhance is nearly constant. 
Therefore ammonium molybdate O.iM was selected to he sure that this 
reagent is in sufficient excess. 
Vhen the test was performed with N-suhstltuted and phenyl 
substituted hydrazines (table XXYII), pink colour was not obtained 
in case of 2-nitro,4-nitro,2,4-dinitro phenyl hydrazine and 1-naphthoyl 
phenyl hydrazine. However, pink colour was found with 2,5-dichloro-
phenyl hydrazine on heating. Beer's Law is obeyed within the range of 
100 - 1300 ug of phenyl hydrazine (Fig.15). The determination can be 
done in the presence of some common interfering compounds (Table XXVI). 
This increases the importance of the determination. The results of 
tables XXVIII and XXIX give an indication of the method being precise 
and accurate. 
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C H A P T E R - VI 
SPECTROPHOTOMETRIC DETERMINATION OF PICRIC ACID 
WITH ZINC AND AMMONIUM CHLORIDE 
A reaction of picric acid with propericiazine(II) has been 
reported for the gravimetric and colorimetric determination of 
picric acid (l)« Methylene blue hasalso been used for the spectro-
photometric determination of picric acid (2). 
Methods applicable to nitrophenols in general (3,^»5) can 
also be used for its determination. These methods however cannot 
be applied for the determination of picric acid in the presence of 
other nitro compounds. While working with different reducing agents 
we have found that picric acid gives/blue colour with zinc and 
ammonium chloride. Other nitro compounds tested gave only yellow 
or dark brown colour, therefore, it was decided to use this reaction 
for the determination of picric acid. Moreover, this proposed method 
is simple, selective, sensitive and rapid. A study of the various 
factors like temperature, time, interference of other compounds 
has been made. 
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E X P E R I M E N T A L 
Apparatus; A Bausch and Lomb^'spectronic-20" (U.S.A.) was used for 
the spectrophotometrlc work. 
Solutions; 0.1% solution of picric acid was prepared in distilled 
ethanol. 10% solution of ammoniiim chloride was made in demineralised 
water. 
Working procedure; To 1 ml picric acid solution was added about 
100 mg of zinc dust and 1 ml of 10% ammonium chloride solution. The 
reaction mixture was shaken for 2-3 minutes and centrifuged. The 
clear blue solution was decanted in a 10 ml standard flask. 2 ml 
of alcohol was added to the residual zinc and again centrifuged and 
the washings were transferred to the standard flask containing main 
bulk of blue solution. Total volume was made to 10 ml adding ±% 
acetic acid solution and the absorbance was noted at 560 nm. 
102 
R E S U L T S 
The absorbance of the hlue coloured product from picric acid 
was taken at varying wavelengths. Maximum ahsorbance obtained from the 
spectrum was at 560 nm (Fig.16). To set the optimum conditions for the 
quantitative determination of the compound, the effect of certain 
variables was studied. The results are summarized in table XXX. 
Effect of temperature: 1 ml of 0.1?^  picric acid solution was treated 
with 1 ml of ammonium chloride solution and zinc. The reaction 
mixture was shaken for 2-3 minutes in a temperature controlled 
waterbath. Centrifuged and transferred the clear solution in a 10 ml 
standard flask and volume was made to 10 ml by adding 1% acetic acid 
solution. The absorbance was measured for each set at different 
temperatures with respect to the blank run under the same conditions. 
Colour intensity was found to decrease considerably on heating the 
o 
sample solution beyond 50 C. 
Effect of ammonium chloride concentration; Using the above procedure, 
ammonium chloride concentration was changed from 1% to 10^. Colour 
intensity remained constant for the concentration of 7.5% to 10% of 
ammonium chloride. 
Effect of amount of zinc; The variation in the amount of zinc was made 
from 5 mg to 100 mg for 800 Mg of picric acid solution. The absorbance 
was affected by the amount of zinc if taken less than 70 mg. 
400 440 460 520 560 600 640 680 700 
Wavelength (nm J 
Fig.16 Absorption spectrum of blue colour from picric acid 
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TABLE XXX 
EFFECT OF VARIABLES ON THE INTENSIIY OF BLUE COLOUR FROM PICRIC ACID 
Effect of temperature Effect of ammonium Effect of amount of zinc 
chloride concentration 
Tempera- Absorbance fo NH. Cl Absorbance Amount of Absorbance 
4. **« 1 T- ^ zinc fflg 
ture C solution ^^ 
28 
kO 
55 
70 
85 
95 
Calibration 
0.5^ 
0.54 
0.50 
0.34 
0.34 
0.28 
curve: Calibral 
10 
7.5 
5.0 
2.5 
1.0 
-
;ion curve 
0.55 
0.54 
0.40 
0.16 
0.06 
-
5 
10 
20 
50 
70 
100 
was prepared by applying 
0.18 
0.27 
0.40 
0.41 
0.44 
0.45 
the 
above procedure taking 10 ug - 1000 pg of picric acid. The results 
are presented in Fig.17. 
Study of precision; To test the reproducibility of the method, six 
replicate determinations in six different amounts were made. The 
relative standard deviation and the results of four unknown determina-
tions are given in tables XXXI (a) and XXXI (b) respectively. 
0 200 400 600 600 JOOO 1200 
Amount(MQ) 
fig. 17 Calibration curve of picric acid 
1400 
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TABLE XXXI 
REPRODUCIBILITY IN THE DETERMINATION OF PICRIC ACID 
( a ) REPLICATE DETERMINATION 
S I . N o . Amount Amount 
t a k e n ug found ug 
R . S . D . Amount Amount 
t a k e n ug found pg 
R.S.D. 
1 . 
2. 
3. 
4. 
5. 
6. 
100 
100 
100 
100 
100 
100 
105 
100 
105 
105 
105 
105 
0 . 0 4 5 
200 
200 
200 
200 
200 
200 
200 
200 
220 
220 
220 
200 
0 . 0 5 5 
S I . N o . Amount 
t a k e n ug 
Amount R . S . D . Amount Amount 
found ug t a k e n pg found pg 
R.S.D, 
1. 
2. 
3. 
4. 
5. 
6. 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
410 
410 
0 .012 
600 
600 
600 
600 
600 
600 
590 
600 
600 
600 
590 
600 
.0085 
TABLE XXXI (a) (Contd.) 
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SI.No. Amount Amount 
taken ug found vg 
R.S.D. Amount Amount R.S.D, 
taken jag found ng 
1. 
2. 
3. 
4. 
5. 
6. 
800 
800 
800 
800 
800 
800 
800 
790 
790 
800 
800 
790 
0.0068 
1000 
1000 
1000 
1000 
1000 
1000 
980 
1000 
1000 
1030 
1000 
1000 
0.038 
R.S.D. = Relative standard deviation 
(b) UNKNOim DETERMINATION 
1 
SI.No. 
1. 
2. 
3. 
k. 
Amount given 
300 
220 
410 
780 
^ 
1 
Amount found 
310 
210 
k±5 
810 
1 
% error 
+3.3 
-4.6 
+1.2 
+3.8 
loa 
Interferences; Certain organic compounds added e.g. acetamlde, 
sodium acetate, propylalcohol, acetone, ethyl acetate, aniline, 
pyridine, benzonltrile, glucose, phenol, resorcinol, chlorobenzene 
did not affect the intensity of the colour. The interference of 
lower fatty acids was removed by the addition of ammonium hydroxide 
solution and subsequently boiling off excess ammonia. 
Lower aliphatic amines like methyl amine, ethylamine, 
1^2-diaminoethane interferred. This was removed by heating picric 
acid solution, containing the interfering amines, on a waterbath 
o 
maintained at a temperature of 80-90 C, prior to the treatment of 
sanq)le with zinc and ammonium chloride. Other nitrophenols, though, 
do not produce any colour under the reaction conditions, but i i 
interferred to a certain extent. The tolerance level of different 
nitrocompounds is given in tables XXXII (a) and XXXII (b). 
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TABLE XXXII (a) 
INTERFERENCE STUDY 
Amount of picric acid taken s 800 »g 
Organic compound Amount added Picric acid found % Error 
added mg jug 
-2.5 
0 
-2.5 
-3.7 
-2.5 
+2.5 
0 
0 
-2.5 
0 
0 
-5 
+1.2 
0 
+2.5 
Acetamide 
Profjyl alcohol 
Acetone 
Acetaldehyde 
Acetic acid 
Ethyl acetate 
Lsohutyl ether 
Aniline 
Pyridine 
Acetonitrile 
Benzo nitrile 
Glucose 
Phenol 
Resorclnol 
Methyl amine 
100 
78.4 
40 
80 
105 
90 
100 
51 
98 
78 
100 
100 
100 
100 
400 
780 
800 
780 
770 
780 
820 
800 
800 
780 
800 
800 
760 
810 
800 
820 
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TABLE XXXII (l)) 
INTBEFEBENCE OP NITRO COMPOUNDS 
picric acid taken s 800 jUg 
Nitro compound added Tolerence Picric acid % Error 
level found 
mg pg 
Nitrobenzene 
m-Dinitrobenzene 
p-Nltrobenzoyl dtilorlde 
2^4~Dinitrophenyl hydrazine 
p-Nitroaniline 
2,^-Dinitrotoulene 
o-Nitrophenol 
l-Chloro-2,4-dinitrobenzene 
p-Nitrophenol 
Picrolonic acid 
m-Nitroaniline 
k,8 
3.0 
8,0 
h.2 
10.0 
h,0 
7.0 
3.0 
4.0 
4.0 
3.0 
780 
800 
810 
820 
800 
770 
810 
810 
800 
780 
770 
-2.5 
0 
+1.2 
+2.4 
0 
-3.7 
+1.2 
+1.2 
0 
-2.5 
-3.7 
I l l 
D I S C U S S I O N 
The re su l t s of t h i s study show tha t p i c r i c acid can he 
determined by the treatment of zinc in the presence of ammonium 
chlor ide . The blue colour i s s table for long time at room tempe-
o 
rature (28 C) but is affected by heat (Table XXX) and pH changes. 
The colour is discharged at lover pH (Al). At higher pH ( "S5) a 
slight precipitation occurs, which can be removed by making up the 
solution upto the mark by dilute acetic acid. 
The results of replicate analysis (Table XXXI (a)) show 
applicability of the method with precision. Interference study 
(Table XXXII (a and b)) gives the indication that a large number of 
compounds do not interfere while some nitro compounds can be 
tolerated upto a few milligram amounts. The method is accurate within 
the experimental error range and Beer's law is followed within the 
range of 10 lig to 1000 pg. The sensitivity and molar'absorptivity of 
this method is quite at par with other reported methods (1 ug/ml). 
A slight deviation is noted at higher concentration (more than 1000 ug) 
in the calibration curve (Fig.17). 
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C H A P T E R - VII 
A SPECTROPHOTOMETRIC METHOD FOR THE DETERMINATION OF 
1-NAPHTHOL IN DEOIMILLIGRAM AMOUNT 
Very few methods are available for the selective determination 
of 1-naphthol. Sodium cuprobromide has been used for the colourlmetric 
determination of 1-naphthol in the presence of 2-naphthol (1) in 
microgram range. Bluish violet colour formed gives a constant 
absorbance only upto five minutes after addition of the reagent. The 
colour intensity decreases with time. A spectrophotometric method 
for the determination of l-n^aphthol in 2-naphthol has also been 
described (2). The method depends upon the faster rate of diazoti-
sation of 1-naphthol than 2-naphthol. Filtration is needed to 
separate the two products. In the present report we summarize our 
studies on the development of/new method for the spectrophotometric 
determination of 1-naphthol in the presence of 2-naphthol and other 
phenols. A stable violet colour extractable in toluene is formed 
by the reaction of 1-naphthol with ammonium vanadate in the presence 
of hydrochloric acid. The coloured product was isolated and analysed 
for determining the course of reaction. 
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E X P E R I M E N T A L 
Apparatus; A Bausch and Lomb^spectronlc 20 (U.S.A.) was used for the 
spectrophotometric work. 
Beagents; All the reagents used were of analytical grade. 
Ammonium vanadate solution; 2% solution of ammonium vanadate was 
prepared in demineralised water. 
1-Naphthol solution; 1-naphthol solution of the required strength 
was freshly prepared in alcohol. Dilute solutions were prepared 
from a lOOQAng per litre solution. 
Procedure; 1 ml of 1-naphthol solution containing 20 ag - 600 pg 
was transferred in a boiling test tube followed by the addition of 
1 ml of 2% anmonium vanadate solution and 0.5 ml concentrated 
o 
hydrochloric acid. It was heated on a waterbath at 60 +; 2 C for 
five minutes. After cooling the coloured product was extracted in^^ 
10 ml toluene and the absorbance was measured at 510 nm against a 
blank treated similarly. 
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R E S U L T S 
The absortoance of the pink violet colour in toluene was noted 
at different wavelength's The maximum absorbance was obtained at 
510 nm (Fig.18). 
To set the optimum concentration of the reagents, time and 
temperature, the effect of these variables was studied. The results 
are summarised in table XXXIII. 
Effect of temperature; 1 ml of 0.02^ 1-naphthol solution was treated 
with 0.5 ml concentrated hydrochloric acid (11.6 N) and 1 ml solution 
of 2% ammonium vanadate. It was kept in a temperature controlled 
waterbath for five minutes and extracted with 10 ml toluene. The 
absorbance of the organic layer was measured for each set at different 
temperatures with respect to the blank run under the same conditions. 
o 
Reaction was complete at 60 ^  2 C. A slight decrease in colour 
o 
intensity was found, when heated above 70 C. 
Effect of ammonium vanadate concentratlont Using the above procedure 
only ammonium vanadate concentration was varied from 2% to 0.06% for 
200 ug of 1-naphthol. It was found that the absorbance was affected 
by the ammonium vanadate concentration if taken less than 0.5%. 
Effect of the concentration of hydrochloric acid; Concentration of 
HCl was varied from 11.6N to O.ION for 1 ml of 0.02% 1-naphthol and 
1 ml of 2% ammonium vanadate solution. As evident from the data of 
table XXXIII, the only optimum concentration of the acid required 
is 11.6N. 
<00 <40 AdO 520 560 600 640 
Wavelength (n m) 
rig. Jd Absorption spectrum of pink violet 
colour from l-nophthol 
1 1 / 
TABUS XXXIII 
A STUDY OF OPTDflM CONDITIONS FOR THE COLOUR DEVELOPMENT 
FOE THE REACTION OF 1-NAPHTHOL AND AMMONIUM VANADATE 
Amount of l~naphthol taken a 200 ug 
Effect of tempi 
Temperature 
25 
hO 
60 
70 
80 
98 
erature 
1 
Absorbance 
0.23 
0.28 
0.38 
0.36 
0.3* 
0.18 
f 
Effect of 
tration 
V*^ Cone. 
2.0 
1.0 
0.5 
0.25 
0.125 
0.062 
t 
V "^ concen- Effect of 
tration 
1 
% Absorbance Conc.HCl 
0.38 11.6 K 
0.37 9.0 " 
0.38 8.0 '/ 
0.35 4.0 " 
0.28 1.0 '' 
0.17 0.10 " 
HCl concen-
• 
Absorbance 
0.37 
0.35 
0.31 
0.23 
0.20 
0.10 
Calibration curve: Calibration curve was preDared by aPDlying the 
mf 19 
above procedure taking 20 |ug to 600 of 1-naphthol. Figure ^ gives 
the result. 
Study of pre icision: THa e reproducibility of the results were checked 
by six replicate determinations of 400 ug of 1-naphthol. The standard 
deviation was h ug absolute. The accuracy of the method was checked 
by four unknown determinations. The average error being l.J 
Table XXXIV gives the result. 
l^'^ 
^ o.d 
Qj 
O 
C 
0 
-g 0.6 
o 
«o 
^ 
^ ^ o.< 
0.2 
-
1 
%y^ 
1 • 1 1 1 ,.._ 
)00 600 200 300 AOO 500 
Amouni in micrograms 
rig. J9 Colibration curve of 1-naphthol at520nm 
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TABLE XXXIV 
REPRODUCIBILITY IN THE DETERMINATION OF 1-NAPHTHOL 
1 
S.N. 
1. 
2. 
3. 
4. 
5. 
6. 
1 
Replicate determination 
Amount 
taken 
400 
400 
400 
400 
400 
400 
Interferences! 
• 
Amount 
found 
395 
' 390 
400 
390 
395 
390 
% Error 
-1.2 
-2.5 
0 
-2.5 
-1.2 
-2.5 
Standard deviation « 4. 
• In order to study the 
r 
Onknorai determination 
Amount 
given 
pg 
500 
100 
450 
600 
Average 
1 
Amount 
found 
pg 
500 
103 
445 
610 
% error = 
,09 /ig absolute 
applicabilily of the 
% Error 
0.0 
+3.0 
-1.1 
+1.6 
+ 1.4% 
method in 
the presence of other organic compounds, the determination of 
1-naphthol was made in the presence of these compounds. The results 
are sunmarised in table XXXV. it was obsesrved that methanol, diethyl 
ether, acetamide, benzamide, nitrobenzene, m-dinitrobenzene, glucose, 
sucrose, methyl n-propyl-ketone, benzonitrile and benzoic acid, present 
in hundred fold excess do not affect the absorbance. 
Other phenols do not interfere upto a certain limit e.g. 
300 jog of 1-naphthol can be determined in the presence of phenol 
^1.5 mg), picric acid (1.4 mg), o-nltrophenol (1.0 mg), 2-naphthol 
12k} 
(3.0 mg), 8-hydroxy quinoline (0.5 mg), phloroglucinol (0.3 mg), 
catechol (2.5 mg), resorcinol (1.0 mg), vanillin (3.0 mg), m-cresol 
(4.0 mg) and quinol (2.5 tag). 
Interference of low boiling aldehydes and amines have been 
removed by simple process of boiling the sample solution for 15 minutes. 
TABLE XXXV 
DETERMINATION OP i-NAPHTHOL IN THE PRESENCE OF OTHER ORGANIC COMPOUNDS 
1-Naphthol 
taken 
300 jug 
If 
n 
n 
It 
n 
II 
n 
n 
n 
11 
II 
n 
n 
1 
Organic compound 
as impurity 
o-Nitrophenol 
p-Nltrophenol 
Picric acid 
Vanillin 
Phenol 
2-Naphthol 
added 
8-Hydroxy quinoline 
Phloroglucinol 
Quinol 
m-Cresol 
Acetamide 
Benzamide 
Acetic acid 
m-dini trobenzene 
1 
Amount 
added 
mg 
1.0 
1.2 
1.5 
3.0 
1.0 
3.0 
0.5 
0.6 
2.5 
4.0 
100 
300 
110 
100 
1 1 
Amount of 
1-Naphthol 
found ug 
310 
310 
300 
300 
315 
300 
295 
305 
310 
295 
305 
305 
315 
300 
% Error 
+3.3 
+3.3 
0 
0 
+5 
0 
-1.6 
+1.6 
+3.3 
-1.6 
+1.6 
+1.6 
+5 
0 
12. 
TABLE XXXV (Contd.) 
1-Naphthol 
taken 
300 |ag 
n 
If 
» 
R 
n 
t 
Organic compound 
as Impurity 
methyl, n-propyl i 
Benzonitrile 
Glucose 
Formaldehyde (a) 
Acetaldehyde (a) 
CH^NHg (a) 
added 
tcstone 
1 
Amount 
added 
mg 
90 
100 
100 
125 
390 
125 
1 
Amount of 
1-Naphthol 
found fig 
300 
315 
305 
310 
305 
300 
1 
% Error 
0 
+5 
+1.6 
+3.3 
+1.6 
0 
(a) a l^e sample solution was heated on a water bath for 15 minutes 
at 100*. 
Analysis; The carhon hydrogen analysis results of the isolated 
product were: 
C, 83.5% H, k, 
The compound does not give any melting point. 
4 •> J 
X t~- *"•' 
D I S C U S S I O N 
The r e s u l t s of t h i s study reveal that the reaction of 
1-naphthol and ammonium vanadate fonning a pink v io le t colour can 
he used for a f a i r l y se lec t ive and sens i t ive determination of 
1-naphthol, All other phenols e .g . phloroglucinol, quinol, 1 ,2 ,5 ,8 , 
t e t r a hydroxy anthraquinone, n i t rophenols , 8-hydroxy quinoline, 
recorcinol , vanillin/iJ, l -n i t roso-2-naphthol , m-cresol, catechol and 
pyragal lol give yellow colour^ while 2-naphthol gives a very l igh t 
green colour. The coloured product i s ex t rac tahle in toluene and 
Interference of a number of compounds i s removed. The colour i s 
s table and absorbance remains constant even upto one hour and t h i s 
i s a d i s t i n c t advantage over the method of Sass (1 ) . A probable 
mechanism of the reaction may be given as follows. Ammoniimi vanadate 
works as an oxidising agent and with 1-naphthol i t forms a compound I I I 
via ^- j^ ' -di- l -naphthol ( l l ) . 
VO-
H* 
III 
VO3 
j/I^i 
The support of this mechanism is obtained hy the work of Edwards 
and coworker (3) who obtained a bluish violet compunt III by the 
oxidation of 4-4«-di-l-naphthol (II) with lead tetraacetate. The 
final product i.e. (ill) does not give any melting point, character-
istics of many quinones. The C, H analysis is in an approximate 
agreement with the theoretical value for III. 
Analysis, Calc. for CgQH^g^a ^' 8k,k% H, 4,2% 
Pound C, 83.5?J H, h,l% 
Compound III on reduction with sodium bisulphite gives the colourless 
product II, similar to the studies of Edwards and Cashaw. 
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Introduction 
Hydrazines are basic in nature and can be titrated like amines, 
with strong acids. The aromatic hydrazines are less basic and 
titration in mixed solvent systems is preferred. A comprehensive 
review for the determination of hydrazines is given by Cheronis 
and Ma^. Phenyl hydrazines can be determined by titrating against 
KBrOs^. Hydrazines, hydroxyl amine and other reducing agents 
interfere. 
As far as we are aware, no satisfactory method is given in 
the literature for the spectrophotometric determination of phenyl 
hydrazine in low concentrations. Therefore an interest was developed 
to investigate a colour reaction of this substance. Phenyl hydrazine 
when reacts with ammonium molybdate forms three coloured 
compounds viz blue, green and pink. The pink coloured complex 
is extractable by ?2-butanol. Some other compounds gave different 
coloured products but none of them could be extracted into the 
M-butanol layer. Therefore the present study was made to utilize 
this reaction for the determination of phenyl hydrazine. A study 
of interference is also made. 
Experimental 
Reagents and Equipment 
Bauscli and Lomb "Spectronic 20" was used for the spectrophoto-
metric work. 
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All the reagents used were of analytical grade. 
0.1% v/v aqueous solution of phenyl hydrazine; O.IM solution of 
ammonium molybdate. 
Procedure 
A small amount of 0.1% phenyl hydrazine (0.2—1.2 ml) solution 
was pipetted in a 20-ml Pyrex test tube followed by addition of 
1 ml of O.IM solution of ammonium molybdate. The reaction mix-
ture was allowed to stand at room temperature for 40—50 minutes. 
Violet colour appeared and it was shaken with 10 ml w-butanol in 
a seperatory funnel (5 ml each time). The absorbance of the pink 
coloured butanol layer was noted down at 510 nm. 
Results 
The absorbance of the pink coloured complex formed was 
noted at varying wavelengths. The maximum absorbance was ob-
tained at 510 nm. For getting optimum conditions for the deter-
mination of phenyl hydrazine the effect of possible variations was 
studied. 
Effect of time. 0.6 ml of 0.1% phenyl hydrazine was mixed 
with 1 ml of O.IM ammonium molybdate. After various intervals 
of time the solution was extracted with 10 ml of n-butanol and 
the absorbance was taken. The absorbances were 0.0, 0.16, 0.26, 
0.37, 0.41, 0.40 after 0, 10, 20, 30, 40, 50 and 60 minutes. 
Effect of temperature. Mixture of 0.6 ml phenyl hydrazine and 
1 ml ammonium molybdate was kept in the thermostat for 40 mi-
nutes at different temperatures from 34° to 94°. The absorbance 
was taken against blank. The abscjrbance decreases slightly with 
rise of temperature. 
Effect of ammonium molybdate. To 0.5 ml of phenyl hydrazine 
solution was added 1 ml ammonium molybdate of varying molar 
concentrations (0.0001—O.IM). Reaction mixture was kept at room 
temperature for 40 minutes and then extracted with 10 ml n-butanol. 
There was no appreciable colour at concentrations lower than 
0.005M; at this concentration and higher the absorbance was 
nearly constant. 
Interferences. It was found that methanol, diethyl ether, bromo-
benzene, butyl caynide, formic acid, acetic acid, phenol, catechol, 
benzamide, nitrobenzene, sucrose, benzaldehyde phenyl hydrazone 
have no effect while aldehydes (airomatic and ahphatic), ketones 
(aromatic and aliphatic) glucose, ethyl amine, dimethyl amine. 
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hydroxyl amine hydrochloride, hydrazine sulphate, 2-4 dinitrophenyl 
hydrazine interfere. The results of the interference study are given 
in Table I. 
Tabic I. Interference Study 
Phenyl 
hydrazine 
taken 
654 /(g 
654 fig 
654 /tg 
654/Jg 
654 /Jg 
654 /J.g 
654 /ig 
654 /.ig 
654 ^g 
6S4 fig 
654 /Ig 
654 fig 
654/Jg 
Org. Compound 
added as 
impurity 
Nil 
Methanol 
Diethyl ether 
Bromo benzene 
Butyl cyanide 
Formic acid 
Acetic acid 
Phenol 
Catechol 
Benzamide 
Nitrobenzene 
Cane Sugar 
Benzaldehyde — 
Phenyl hydrazone 
Amount 
added 
in mg 
80 
74 
150 
100 
120 
104 
107 
50 
SO 
120 
50 
50 
Absor-
bance 
0.18 
0.18 
0.17 
0.18 
0.19 
0.18 
0.20 
0.19 
0.17 
0.19 
0.17 
0.17 
0.18 
Amount of 
phen 
zine 
654 
654 
632 
654 
670 
654 
686 
670 
632 
670 
632 
632 
654 
lyl hydra-
found 
% Error 
0 
- 3 
0 
+ 2 
0 
+ 5 
+ 2 
- 3 
+ 2 
- 3 
- 3 
0 
The test was performed with other N-substituted and phenyl 
substituted hydrazines and the results are summarized in Table 11. 
Table II. Reactions of Different Phenyl Hydrazines and Hydrazines with 
Ammonium Molybdate 
Name of the compound 
Hydrazine sulphate 
Hydrazine hydrochloride 
2-Nitrophenyl hydrazine 
4-nitrophenyl hydrazine 
2,4-Dinitrophenyl hydrazine 
1-Naphthoylphenyl hydrazine 
2,5-dichlorophenyl hydrazine 
Phenyl hydrazine 
N-N' Dimethylphcnyl hydrazine 
Colour of the solution 
Cold 
Blue 
Blue 
— 
— 
— 
— 
Violet 
Blue 
Hot 
Green 
Green 
Green 
Green 
Green 
Blue on 
prolonged 
heating 
Violet 
Violet 
Blue 
Colour of 
M-butanol layer 
nil 
nil 
light yellow 
light yellow 
light yellow 
nil 
Pink 
Pink 
Yellow 
Calibration graph. Calibration curve was prepared by taking 
1 ml of ammonium molybdate solution and 100—1300 fig phenyl 
hydrazine solution. The results are plotted in Fig. 1. 
The reproducibihty of the results were checked by six repHcate 
determinations of 436 /j.g of phenyl hydrazine. The standard devia-
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tion was 5 ^g absolute. The accuracy of the method was checked 
by three unknown determinations. The average error was + 1 % . 
Table III. Triplicate Determination of Different Amounts of Phenyl Hydrazine 
Amount taken 
/«g 
436 
436 
436 
872 
872 
872 
1090 
1090 
1090 
1308 
1308 
1308 
Amount found 
Mg 
449 
436 
427 
872 
850 
850 
1090 
1090 
1110 
1308 
1320 
1280 
% I 
+ 3 
0 
-2 
0 
+ 2 
+ 2 
0 
0 
+ 2 
0 
+ 1 
-2 
Average error = 0.5 /^ g 
Table III summarizes the results on the determinations of phenyl 
hydrazine in the range of 436—1308 ^g. Each sample was repeated 
thrice, for such 12 observations the average error was + 0 . 5 % . 
Discussion 
By the reaction of phenyl hydrazine with ammonium molybdate 
the formation of three coloured products was observed i. e. green, 
blue and pink. Very low concentrations of phenyl hydrazine ( < 0.01%) 
form a green coloured complex showing absorbance <0.2 and no 
appreciable difference in absorbance with change of wavelength. 
The green colour changes to blue in the presence of mineral acid 
and to colourless in the presence of alkali. The blue coloured com-
plex formed in the presence of mineral acid is not specific for 
phenyl hydrazine. Formation of blue colour with ammonium molyb-
date in neutral or acidic medium is also found with some other 
organic compounds e. g. sugars, hydroxylamine hydrochloride, 
hydrazine sulphate etc. The blue coloured complex formed by 
phenyl hydrazine when shaken with immiscible solvents (n-butanol, 
«o-butanol, propanol etc.) is not extractable into the organic layer. 
In the absence of an acid or a base, phenyl hydrazine (cone. 
gO.1%) reacts with ammonium molybdate to form pink coloured 
product which is extracted into n-butanol. Such behaviour is not 
observed with other interfering substances. Extraction thus increases 
the selectivity. 
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The development of colour depends on time, temperature and 
concentration of ammonium molybdate. The absorbance increases 
with time and after 40 minutes, it becomes constant. Therefore the 
reaction mixture was kept for 40 min. for the development of colour. 
As the temperature increases, the absorbance slightly decreases. 
Hence room temperature (34 + 2") was selected for this study. 
Fig. V 
200 AOO 600 800 1000 1200 UOO 
Amount of Phenyl hydrazine in microgram 
Calibration graph of plienyl hydrazine at 510 nm 
Ammonium molybdate of concentration up to 0.001 M is not useful 
since the colour development is not pronounced. However, for the 
concentration higher than 0.005 M the absorbance is nearly con-
stant. Therefore ammonium molybdate 0.1 M was selected to be 
sure that this reagent is in sufficient excess. 
When the test was performed with N-substituted and phenyl 
substituted hydrazines, pink colour was not obtained in case of 
2-nitro, 4-nitro, 2,4 dinitro phenyl hydrazine and 1-naphthoyl hydra-
zine. However, pink colour was found with 2,5 dichlorophenyl 
hydrazine on heating. 
Beer's law is obeyed within the range of 100—1300/^g of 
phenyl hydrazine (Fig. 1). The determination can be done in the 
presence of some common interfering compounds (Table I). 
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Summary 
Speclrophoiometric Determination of Phenyl Hydrazine by 
Ammonium Molybdate 
T h e determinat ion of phenyl hydrazine is done by react ion 
wi th ammonium molybdate ; the pink colour procedud is extracted 
into w-butanol. 100—1300 yttg of phenyl hydrazine can be deter-
mined at 510 nm. T h e effect of t ime, temperature, ammon ium 
molybdate concentrat ion and interferences has been studied. 
Zusammenfassung 
Die Bestimmung von Phenylhydrazin erfolgt auf der Grundlage seiner 
Reaktion mit Ammoniummolybdat. Die rosa Farbung wird mit w-Butanol 
extrahiert. 0,1—1,3 mg Phenylhydrazin konnen bei 510 nm gemessen war-
den. Der Einfluf? der Reaktionszeit, der Temperatur, der Reagenskonzen-
tration sowie auftretende Storungen wurden untersucht. 
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REACTION OF SOME NITROGEN CONTAINING AROMATIC COMPOUNDS 
WITH SODIUM PERIOD ATE. SPECTROPHOTOMETRIG DETERMINA-
TION OF BRUCINE, p-ANISIDINE. BENZIDINE, DIPHENYL 
AMINE, N-PHENYL 1-NAPHTHYL AMINE AND INDOLE 
J. P. RAWAT AND P. BHATTACHARJI, Department of Chemistry, 
Aligarh Muslim University, Aligarh 
ABSTRACT 
A reaction of periodate with certain nitrogen containing compounds which 
are neutral or weakly basic is studied. The coloured compounds formed 
can be used for the sprctrophotometric determination of the parent com-
pounds. Beer's Law is followed within the ranges given. The results are 
precise and accurate. The maximum error was 3% and the standard 
deviat ion is 5%. The mechanism of the reaction is given. 
INTRODUCTION 
Determination of nitrogen containing aromatic compounds has been studied 
by various workers. Some volumetric methods have been developed to titrate a 
limited group of these functions (Sadovnichaya and Panchenko, 1962). it is preferable 
to employ spectrophotometric methods because of selectivity and sensitivity. Deter-
mination of brucine in mg and eg amounts has been reported (Ripan, et at., 1967 ; 
Milorad, et al., 1971). Spot teit detection of amines, indoles and carbazoles by 
3-methyl-2-benzothiazolinone hydrazine-HCl reagent has been studied (Sawicki, 
et al., 1961). Some methods are given for spectrophotometric determination of 
indole (Byrom and Turnbull, 1963 ; Pesez and Bartos, 1965), diphenyl amine (Pesez 
and Bartos, 1965 ; Pelloni and Sterescu, 1960 ; Visveswariah and Jayaram, 1969), 
anisidine (Korenman and Gorokhov, 1971), benzidine (Popa et at., 1966 ; 
Florea, 1973), and N-phenyl 1-naphthyl amine (Levine and Marshal, 1955). 
Determination of some amines has been reported in our earlier papers using acetyl 
chloride and ferric nitrate (Rawat and Singh, 1975), and with Copper (Florea, 
1973), recently (Rawat and Bhattacharjee, 1976). 
Diphenyl amine, N-phenyl-1-naphthyl amine, brucine and indole react with 
sodium periodate in presence of sulphuric acid while anisidine reacts with periodate 
in the presence of acetic acid to produce the stable coloured compounds. Benzidine 
also reacts with periodate in presence of acetic acid to produce a coloured compound 
whose intensity decreases after five minutes. A survey of the literature shows that 
this reaction has not been studied earlier. Therefore, we decided to study this 
reaction for the spectrophotometric determination of above compounds. Utility 
of the present method over other oxidative methods is followed in the discussion. 
EXPERIMENTAL 
Apparatus. A Bausch and Lomb specironic-20 (U. S. A.) was used for the 
sepectrophotometric work. 
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Recommended Procedure. 0.5 ml amine solution (prepared in methanol water 
mixture) was treated with 0"5 ml H,S04/acetic acid and 0.5 ml 3% aq. sodium 
periodate solution. Different colours were obtained with different compounds under 
the conditions mentioned in Table II. The total valume was made to 10 ml with 
some suitable solvent/extracted with 10 ml. n-butanol. Absorbance was noted at 
their respective Xmax against the reagent blank. 
TABLE [ 
Qualitative Test of Some Aromatic and Heterocyclic Amines with Sodium Periodate 
Name of the compound 
Aniline 
p-toluidin 
m-amino phenol 
o-toluidin 
p-anisidine 
o-anisidine 
o-amino benzoic acid 
o-phenylene diamine 
p-phenylene diamine 
Phenatidine 
Benzidine 
N - N ' diphenylbenzidine 
3-3' diaminobenzidinium 
tetra chloride 
Diphenyl amine 
N-phenyl 1-naphthyl amine 
Indole 
Tryptophan 
Pyrrole 
Brucine 
Strychnine 
Colour with 
periodate 
in H2SO4 
medium 
V 
R 
R 
O.Y. 
-
D.P. 
-
R 
-
V 
Y 
P.V. 
Y 
Bl 
Bl 
P.V. 
L.O 
-
P 
P 
Colour with 
periodate 
in acetic 
acid medium 
Y 
-
-
-
V 
V 
L.P. 
R 
V 
V 
G 
-
B.G. 
-
-
-
-
D.G. 
-
-
Detection 
limit 
50 eg 
5 mg 
1 mg 
50 (tg 
5 eg 
5 fg 
-
1 (*g 
0.75 (tg 
5 Itg 
0.50 V'g 
1 fg 
10 V^g 
0.50 eg 
0.50 n 
2 fg 
-
-
5 Jtg 
500 fg 
Abbreviations. V = Violet, P = Pink, D.G. = Dull Grey, Bl = Blue, 
Y = Yellow, O. Y. = Orange yellow, R = Red, 
G = Green, B.G. = Blackish Green, D.P. = Dull Pink, 
L.P. = Light Pink. 
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RESULTS 
Sodium periodate can be used for the detection of certain nitrogen containing 
compounds in micrograms amounts (Table I). Those giving the negative test are 
the following : 
o-nitroaniline, m-phenylene diamine, indole 3-acetic acid, tryptophan, 
carbazole, iso-quinoline, p-dim«thyl aminobenzaldehyde, proline, a - and /3-
naphthylamine, pyridine, 2-2' bipyridyl, quinildine and quinoline. 
For obtaining the optimum conditions for the detemination of these amines, 
the effect of time, temperature, sulphuric acid/acetic acid concentration and sodium 
periodate concentration was studied. The amount of different amines used are : 
diphenyl amine (50 eg) N-phenyl 1-naphthyl amine (100 f»g), brucine 
(2000 eg), indole (100 t»g), p-anisidine (500 (»g) and benzidine (80 /^ g). 
Except brucine the reaction of other compounds were complete at room 
temperature (24°C) within 5 to 10 minutes. The optimum temperature and time 
required for brucine is 60 ± 2°C and 30 minutes respectively. The results are 
presented in figures 1 and 4. 
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The variation of absorbance with sulphuric acid concentration is plotted in 
fig. 2 for diphenyl amine and N-phenyl-1-naphthyl amine and brucine. The 
absorbance for indole was unaffected by this variation. For benzidine and 
p-anisidine, the variation of acetic acid concentration does not affect the absorbance 
of the colour formed. 
The optimum cone, of sodium periodate required for each compound under 
study is given is fig, 3. 
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Calibration curves. 5 eg - 2000 v-g of the above compounds were used for the 
preparation of calibration curves. The range of determination is given in Table II, 
Study of precision. Eight replicate and five unknown determinations were 
done for each compound with error ± 3% and % average standard deviation is 
given m Table II. 
Interference study. Ether (90 mg). Alcohol (90 mg), cblorobenzene (110 rag^ 
nitro- and m-dinitrobenzene (100 mg), aliphatic and aromatic amides (100 ml)' 
alkvl and aryl cyanides (100 mg), acetic and benzoic acid (104 mg), phenol (100 msi 
and quinol (100 mg) do not interfere in the determination of all the six compounds 
The tolerance level of aliphatic amines and pyridine is quite high in the 
determination of N-phenyl-1-naphthyl amine and diphenyl amine However 
interference of these compounds, while determining benzidine, is removed bv 
heating the test solution at 115 - 116°C. Interference of low boiling ketones is also 
removed m a similar way. 
400 eg of indole can tolerate the presence of anisidine (2 mg). benzidine 
(1.5 mg) and p-toluidin (1 mg). Similarly 400 ng of p-anisidine can be determined 
in the presence of 1-2 mg of diphenyl amine, brucine, N-pheny! 1-naphthyl amine, 
a-naphthylamine, pyridine and indole. Brucine (900 f^ g) can be determined in the 
presence of 1.8 mg of strychnine. 
DISCUSSION 
Results of table 1 indicate the possibility of this reaction to detect certain 
amines This serves as the useful reagent for distinguishing three phenylenediamines, 
fn TJKI . 'IT " " T I ^ ^ ' ^ H ^''%'¥^^f^^- Beer's Iaw%s appiicalie in the ranges given 
in Table I. TI^ study of interference is helpful in finding its utility in the 
determination of these compounds m the presence of various substances with 
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The proposed method is an improvement over other reported methods (Visves-
wariah and Jayram, 1969, Korenman and Gorokhov, 1971; Popa et al., 1966; 
Florea, 1973), in the following respects. 
1. For diphenyl amine, N-phenyl-1-naphthyl amine and benzidine, the 
sensitivity is quite comparable to other known methods. The lowest limit so far 
determined for diphenyl amine is 4 l*g/ml (Visveswariah and Jayaram, 1969) but 
aliphatic amines interfere. By oxidative method (Popa er a/., 1966), the minimum 
amount of diphenyl amine and benzidine determined are 50 and 120 V'g respectively, 
which is ten times less sensitive than the proposed method. p-Anisidine has been 
determined (Korenman and Gorokhov, 1971), in the range 100-800 v-g with 20/o 
error. In the present method error is + 5 %. 
2. Sodium periodate can be used for the selective determination of brucine 
in microgram amounts in the presence of twice the amount of strychnine. Other 
alkaloids giving the negative test are the following : 
Ephidrin, quinine, cinchonine, codiene, caffien, nicotin, atropin, 
pilocarpin, reserpine, pepavarine, yohimbine, morphine, tubocurarine. 
Mechanism. The pink colour of brucine with sodium periodate and sulphuric 
acid is adsorbed by cation exchange resin, showing the positive nature of the coloured 
compound. Periodic acid being a strong acid, may protonate the activated benzene 
ring acquiring the coloured quinoidal structure with resonance stabilization 
extending upto nitrogen of the attached five membered heterocyclic ring. 
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by Cu(II) 
J. P. RAWAT & PRITI BHATTACHARJEE 
Chemistry Department, Aligarh Muslim University 
Aligarh 
Received 5 June 1975; accepted 15 September 1975 
A spectrophotometric method for the determination 
of amines using Cu(II) has been developed. Job's 
method and mole-ratio method have been used to 
determine the metal-amine ratio In the coloured 
complex formed. 
A SENSITIVE method for the spectrophoto-
• ^ metric determination of amines using acetyl 
chloride and ferric salts has been described in our 
earlier report^. Recently copper sulphate has been 
used for the determination of ethylene diamine^. 
We report here a method for the spectrophotometric 
determination of some amines using Cu(II). 
Following amines were used: Ethylamine, ethanol-
amine, isopropylamine, o-phenylenediamine, isoqui-
noline and pipridine (Riedel); dimethylamine, tr i-
methylamine, 1,3-diaminopropane, aniline, ^-tolui-
dine, pyridine (BDH); methyl amine and morpholine 
(Koch-Light) CUSO4 was a BDH (AR) product. 
In most cases, \M solution of amines was prepared 
in conductivity water. Those insoluble in water 
were dissolved in methanol. Copper sulphate solu-
tion was prepared in conductivity water. 
Determination of amines — A small amount of 
amine (4-60 mg) was mixed with 1 ml of 0-5M copper 
sulphate solution. The solution was shaken well 
and volume made up to 10 ml by the addit ion of a 
solution of ammonium acetate buffer. The absorb-
ance of the coloured complex against blank (1 ml of 
0-5M copper sulphate and 9 ml ammonium acetate 
solution) was recorded at the specified wavelength. 
I t was observed tha t the increase in temperature 
brought about a slight decrease in the absorbance. 
However, for the sake of convenience all determi-
nations were carried out at 25°. The optimum pH 
for the Cu-amine complex was between 6 and 7 and, 
therefore, buffer of pU 6-5 was used. The effect of 
chloride, nitrate, sulphate and acetate anions was 
negligible in this procedure of determination of 
amines. I t was found tha t benzamide, acetamide, 
chlorobenzene, bromobenzene, nitrobenzene, phenol, 
methyl cyanide, acetone, benzophenone and propyl 
alcohol did not affect the absorbance. Pyrogallol 
and catechol increased the absorbance while acetic 
acid and aldehydes decreased the absorbance. 
Determination of 1,3-diaminopropane in the presence 
of aniline, p-toluidine, pyrrole, diphenylamine, iso-
quinoline, pyridine and ^-naphthylamine — 1 ml of 
the sample containing 1-8 mg of 1,3-diaminopropane 
was taken in an Erlenmeyer flask and heated on a 
water-bath lor a few min to remove the solvent 
(particularly if the sample is dissolved in ethanol). 
To this was added 1 ml of O-IM copper sulphate 
solution. The reaction mixture was shaken and 
volume made up to 10 ml by the addition of 1 ml 
of saturated sodium thiosulphate and formate buffer 
7). I t was again shaken well and kept for 10 
min. The contents were centrifuged to remove 
precipitate if any. The clean solution was decanted 
and the absorbance measured at 590 nm. The % 
error in the determination of 1,3-diaminopropane in 
the presence of other amines was + 2 - 8 % . The 
s tandard deviation was O-OS. 
Determination of o-phenylenediamine — To 0-5 ml 
of solution containing 50-250 fxg of o-phenylene-
diamine, 1 ml of 0-OlM copper sulphate and 0-1 ml 
acetyl chloride were added and reaction mixture 
heated on a water-bath at 80° for 30 min. Reddish-
brown coloured complex thus formed was shaken 
with 20 ml of isobutanol for 2-3 min. The coloured 
complex was extracted in butanol layer. The 
absorbance was noted at 460 nm. Determination of 
unknown samples of o-phenylenediamine showed an 
error of ± 4 % . 
The optimum temperature for the determination 
of o-phenylenediamine is 80°. I t was found tha t the 
reaction is unaffected within pH range 1-7 while at 
higher pH the colour of the complex changes to 
green. Benzamide, acetamide, chlorobenzene, nitro-
benzene, phenol, acetone, acetic acid and benzo-
phenone did not interfere in the determination of 
this amine while aldehydes interfere. 
The results of determination reveal tha t amines 
can be determined using Cu(II). Extract ion in 
isobutanol in the presence of acetyl chloride in-
creases the sensitivity and selectivity in the deter-
mination of o-phenylenediamine. Job's method of 
continuous variation and mole-ratio method showed 
tha t with o-phenylenediamine, a 1:1 complex is 
formed while a 1: 2 complex is formed in the case of 
1,3 -diaminopropane. 
The authors are grateful to Prof. Wasiur Rehman 
for providing research facilities. 
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